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INTRODUCTION 
INTRODUCTION 
Water is one of the primary inputs of modern agriculture. 
However, even to this day about 70 per cent of the country's 
cropped area is entirely dependent on the vagaries of rainfall. 
Every year during the monsoons, 320 million hectare metres of 
water descends on the Indian subcontinent. If all the rainfall 
were collected, it would form a 1 metre thick sheet of water 
over our landmass. It is the largest volume of its kind that 
falls anywhere in the world. Yet we have become a nation of 
water f;uniiu^;i nnd droughts. This makes it necessary to conserve 
as much water as possible and use it efficiently. 
In India about ninety five per cent of the total rainfall 
occurs in a short period of 3 to 4 months during the summers, 
this rain occurs in form of heavy showers and the rain drops on 
the average are ten times bigger. The two major consequences 
of such situation are firstly seven to eight months of a year, 
large tracts of the country are rainless during the hot season 
and secondly, water flowing during the monsoons loosens the 
soil and ruixs off the surface filling nullahs and channels with 
valuable silt and it finally ends in the sea via the river 
system. 
Therefore, although our rainfall is more than 100 cms over 
almost 3/4 of the country, about 60 per cent of it is wasted as 
run off, there being little time for water to percolate into 
the ground and the little percolation that is there comes up to 
provide the evaporation losses during the hot rainless months. 
Thus nlthou^ jh our rainfal]. is 100 cm, our effective rainfalls 
When not properly harvested is only 20 to 50 cm. Half of the 
rainfall occurs in twenty percent duration at any place. 
Heavier rain drops enables larger amount of fertile soil to 
be washed away that is why the dams are filled with silt. 
We are facing epidemic water shortage, droughts and 
famines because we are not practising the methods of efficiently 
using all the rainwater that falls on the ground. We are depend-
ing too much on modern technology like dams-perhaps due to less 
population earlier special methods were not needed over major 
part of the country to collect water. Industrial needs of water 
were not there. However, in areas where rainfall has been low 
and year to year vagaries high, people developed innovative 
methods of collecting and harnessing water from the roofs, indi-
vidual houses and farms. 
The single simple process of water conservation is not 
to allow water to get out of the area in which it falls, except 
during torrential rains. Water should be collected by bunding 
the land from all sides. If this is done the amount of water 
lost to the sea will decrease and the effective rainfall 
will become 3 to 4 times more than what is today. The water will 
percolate into the ground instead of running off and can be 
utilized, some studies carried out in the Gangetic plain indicate 
that thereis 25per cent percolation rate. This becomes less when 
r a i n f a l l ra te i s 5 cm per hour. And half of the r a i n f a l l 
over most par t of India i s at t h i s r a t e . Thus we are drawing 
more water than i s perco la t ing into the ground. 
Twenty years ago, we withdrew ^8 mil l ion hectare metre 
of fresh water from the ground, consumed about 23 mil l ion 
hec t a re metres and returned about 15 mil l ion liectare metres 
of semi pol luted water to the sources hoping that nnture would 
r e s t o r e i t to i t s p r i s t u e s t a t e . In 2001 AD, we expect to 
withdraw 150 mi l l ion hectare metres consume V.O mi l l ion hectare 
metres and re tu rn 70 mil l ion liectnre metres of semi pol luted 
water to i t s sources . This s i t u a t i o n would put much s t r a i n on 
our water system. 
Agricul tural growth has been made one of the most v i t a l 
components of development s t ra tegy in Ind ia . iVitliin the over 
a l l s t ra tegy of growth, i r r i g a t i o n has been accepted as a major 
programme for modernising Indian a g r i c u l t u r e . The importance 
of i r r i g a t i o n in Indian content may be appreciated in terms of 
c e r t a i n specif ic ro les which can be a t t r i bu t ed to i t . F i r s t l y , 
i n the broad frame work of s o i l c l imate , complex i r r i g a t i o n has 
a p ro t ec t ive role against the vagaries of monsoon, secondly, 
ovi'n with Ihi^  ,';iven tt'chnoio/'y mcr-e pi'(j vj r. i cri of n;j;,ut<'d water 
supply can boost the piodujt ivj ty of cx i; I ui, inpuUj ari'l ' .hlrdly 
for the in t roduct ion of new technology, i r r i j^at ion acts as a 
c a t a l y t i c agent and as one of the cruel •••l fac tors in the 
package of improved inpuLo and new teciinolory. The hi, h yie lding 
v a r i e t i e s need seven to ei. 'ht i r r i g a t i o n which must i>e made 
available at a particular stage of plant growth to get the 
optimum yields (Dasgupta, 19B0). Without irrif;ation, chemical 
fertilizers cannot be used with confidence and a surfeit of 
other inputs would be of no avail. 
There is sufficient scope of increasing the net area 
under cultivation by growing more than one crop on the same 
hectare with the help of irrigation. Irrigation has proved 
beneficial to the country. In fact it forms the datum line 
for sustained successful agriculture. It alleviates suffering, 
preserves life, everts famines and advances material prosperity 
of the country. 
The necessity of irrigation arises because nearly 70 per 
cent of the countrys gross cropped area depends exclusively on 
rainfall which is unevenly distributed both in time and space. 
Thus the rainfall is both unreliable and marked by variations 
in different parts and also variation from year to year in its 
quantity, incidence and duration. Thus efficient utilization 
of water resources is crucial to agricultural production. The 
need for irrigation also arises from the fact that inspite of 
considerable advantages of soil, sunshine and climate, crop 
production in India is not so efficient as in other parts of 
the world especially because of the lack of moisture in the soils, 
In dry season, enough moisture is not available in the soil to 
support multiple cropping. The importance of irrigation cannot 
be over emphasized. 
India has a huge population, which is increasing at a 
very rapid pace. Therefore, we have pinned all our hopes on 
increasing irrigation facilities to produce enough food for 
our ever growing population. About 70 per cent of the total 
Indian population is directly involved in agriculture. India 
is fo tunate enough to posess rich agricultural resources such 
as wide variety of fertile soil, ample water for irrigation and 
a growing season almost all the year round which in turn give 
higher agricultural yields. Agriculture contributes 40 per cent 
of the GNP and provides the base for 55 per cent of the country's 
export. India has a total cultivable area of about 193 million 
hectare, of this the gross area sown in, is around 161 million 
hectare and the net area sown is 139 million hectares. But 
much of this agricultural ar'ea is affected by the vagaries of 
monsoon. The problem of floods and drougnts is the problem 
of challenge and opportunities, and these have a disastrous 
effect on the annual food productions causing severe strain 
to the national economy, 
Indian agriculture is a "gamble with monsoon." Due to 
fickleness of the monsoons the potentiality to grow crops on 
a year round basis, however, remain unexplored. The only 
answer to this problem seems to lie in the development of more 
and more irrigation fa':ilities. Irrigation plays a major role 
in increasing the food production in India. The challenges of 
both floods and drou|!,hts can be transfoi med into opf^ortunities 
for providing more and assured Irrigation water to the thirsty 
lands, thus making it possible to grow three crops where only 
one crop is grown, and multiply the yield many times by the use 
of fertilizers, high yielding variety of seeds and other modern 
farm practices. 
At the beginning of the planning era, the full extent of 
the potential of under-ground aquifers was not known. On the 
other hand, the success of big canal systems served by river 
diversion projects was already well established. It was only 
natural that the planners should have decided in favour of 
building big storage dams to provide large scale irrigation 
facilities and side benefits like hydro power and flood control. 
A very large number of such projects were taken up without 
adequate studies and without making use of the availability of 
enough financial resources. At the same time, experiences with 
completed projects showed that they contained no provision for 
taking water from the outlet to the farmer's fields. An emba-
rrasing gap thus emerged between the irrigation potential 
created and what was actually utilised. To ^^j^y, it all, the 
absences of drainage facilities coupled with seepage from 
unlined canals and distributaries, cre.ited acute problems of 
water logging in large areas. 
Ground water required no expenditure for storage and 
transport and can be harnessed by the farmer with his own efiorts 
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except for a short term loan. It involves no environmental 
problems, no evaporation and seepage losses and no problem of 
water logging. It is a resource entirely under the farmer's 
control and not that of bureaucrats. Ground water Irrigation 
is twice as efficient in terms of agricultural productivity 
as surface water irrigation. This means that the benefits 
derived from the utilized potential of 19.6 million hectare 
between 1951 and 1985 by ground water development are equivalent 
to those which could have obtained from a surface water utilized 
potential of around 39.2 million hectare. 
Until a few years ago it was uncertain whether the 
country's ground water resources were of such a large scale. 
It is no longer so, according to figures published by Central 
Ground Water Board in 1986 the 'ultimate potential' of ground 
water is far bigger than the 40 million hectare metres. These 
figures indicate that the annual utilisable ground water 
resources of the country are 42 million hectare metres of which 
only 10 million hectare metres are being abstracted today to 
create a utilised potential of 26.1 million hectares. Groundwater 
accounts for 95 per cent of all the liquid fresh water available 
on the earth at any given morrat and therefore exists in larger 
quantities. It is not static but a dynamic resource and can be 
easily increased by the simple process of reducing the enormous 
run-off losses which takes place particularly during the monsoon 
season. 
Considering the extremely beneficial nature of the ground 
water, adequate attention to its optimum replenishment and 
management is necessary. The very attractiveness of this 
resource has led to an insatiable demand for it. This has 
resulted in serious drops in water table in many paints of the 
country where the green revolution has been most successful. 
Farmers have met this situation by incurring further heavy 
expenditure by way of deepening of tubewells and lowering of 
pumpsets. So effective steps should be adopted for controlling 
withdrawls to keep within the limits of recharge capacities. 
All sources of water, v/hether surface or ground must be 
used with utmost economy in all sectors of consumption and 
recycles for less demanding uses wherever possible, A major 
requirement for better irrigation faciltieis is the fair and 
equal distribution of water. This can be achieved only through 
active participation of the people at the grass root level. 
The co-operation of users and institutions is necessary to 
ensure efficient usage of water. A meaningful interaction between 
water resource managers, agricultural scientists and agronomists 
will lead to higher productivity and better utilization of 
the water. The farmers have shown their ability and capacity 
for water distribution and management. 
OBJECTIVES: 
In the present work an attempt has been made to study 
the "Utilization of Water Resources for Agricultural Purposes 
in Western Uttar Pradesh." Western Uttar Pradesh has been 
selected as the study area because this region is agriculturally 
advanced and is said to be the bread basket of India after Punjab. 
Green Revolution has been most successful in this region. There 
are nineteen districts ih Western Uttar Pradesh, but ordy fourteen 
districts have been taken from this study, the rest of the five 
districts have been left out because they lie in the tarai area 
and have some what tarai conditions. Districts has been chosen 
as the basic unit of study. 
The present study has certain specific research objectives: 
(l). to assess the impact of physical envirxsnment — 
physical features, drainage, climate and soil on the 
available water resources in Western Uttar Pradesh. 
(2). to assess the available water resources from different 
parametres — rainfall, surface and ground and to 
determine the total volume of water available by 
these parametres in the fourteen districts of Western 
Uttar Pradesh (1985-86). 
(3). to study the utilization of water resources for 
agricultural purposes in the fourteen districts of 
Western U t t a r Pradesh (from I96O-6I to 1985-86) . 
The a g r i c u l t u r a l bnckground and a r e a , y i e l d and 
p r o d u c t i o n of impor tan t c r o p s , i n t e n s i t y of c ropp ing 
i n the f o u r t e e n d i s t r i c t s of Western U t t a r Pradesh 
were s t u d i e d . 
( 4 ) , to s tudy the development of i r r i g a t i o n f a c i l i t i e s 
both s u r f a c e and ground wa te r , i n t e n s i t y of i r r i g a t i o n 
and changes i n d i f f e r e n t sources of i r r i g a t i o n i n the 
f o u r t e e n d i s t r i c t s of Western U t t a r Pradesh (from 
1960-61 ' to 1985-86) . 
( 5 ) . to a s s e s s r e l a t i o n s h i p e x i s t i n g between t o t a l 
i r r i g a t e d a rea and t o t a l crop p r o d u c t i o n , c o r r e l a t i o n 
c o e f f i c i e n t was computed for the f o u r t e e n d i s t r i c t s 
of Western U t t a r Pradesh ( t a k i n g y e a r l y d a t a from 
1960-61 t o 1985-86) . 
DATA BASE; 
The d a t a for p r e s e n t s tudy i s mainly t aken from secondary 
s o u r c e s , p r i n c i p a l l y from v a r i o u s b u l l e t i n s : 
i ) . B u l l e t i n s of A g r i c u l t u r a l St ' t i s t i c s of U t t a r Pradesh 
(from 1960-61 to 1985) , p u b l i s h e d by D i r e c t o r a t e of 
Economics and s t a t i s t i c s , Lucknow, U t t a r P r a d e s h . 
i i ) . S t a t i s t i c a l A b s t r a c t s of U t t a r Pradesh (from 1960 to 
1985) , publisl iod by D i r o c t o r a t e of Economics and 
and statistics, Lucknow, Uttar Pradesh. 
lii). District census hand book ol' Uttar Pradesh (1981). 
Iv). Fix»ni the head quarters of the various canal systems 
Sharda Canal at Lucknow; Upper Ganga Canal 
at Aligarh and Meerut; Lower Ganga Canal at Aligarh; 
Eastern Yamuna Canal at Meerut and Muzaffarnagar; 
Agra Canal at Agra and Mathura and Ramganga Canal at 
Kanpur. 
Since the data for the length and discharge of canal water 
was available only for the year 1985-85, the availability of 
water from different parametres in the fourteen districts of 
Western Uttar Pradesh has been calculated only for the year 
1985-86. 
STATISTICAL METHODS: 
The following statistical methods have been used in the 
present study: 
(1). The assessment of the volume of water is based on a 
number of assumptions and of course, has certain limitations. 
The methodology adopted is given below: 
i). Volume of Canal Water; 
The availability of the canal water in each district 
depends upon the discharge and the length of the canals. It is 
assumed here tha t the water of canals wi l l be d i s t r i b u t e d 
propor t ionate to the length of tha t p a r t i c u l a r canal and the 
d i s t r i b u t r i e s . Hence the volume of t o t a l u t i l i z e d v/ater i s 
divided propor t iona te ly accordinj^ to the length of the canals 
in the respec t ive d i s t r i c t s which receive water from tha t 
p a r t i c u l a r canal : 
r^ Head Discharge of Canal length of the canal in 
" Total length of Canal ^^^ respec t ive d i s t r i c t 
i i ) • Volume of Ground Water: 
I t i s d i f f i c u l t to measure the volume of water 
ava i lab le from under ground sources by any d i r e c t method, an 
attempt has been made to determine the volume of ground water 
on the basis of ai^ea i r r i g a t e d by wells and tube wells and with 
the help of the p o t e n t i a l evaporation da ta . The equation for 
PET i s (Thornwaite,1948): 
e = 1.6 (10 t / l ) ® ' 
where t «» temperature in de^^.ree cen t ig rade . 
•"•1 = heat 
a = 0.00000047512 - 0.00007712^ + 0.49239 
VGW = GIA by wells X (PET - Average Annual r a in f a l l ) 
i i i ) . Volume of Rain Water: 
Volume of the water ava i lab le from r a i n f a l l in the 
d i s t r i c t wi l l be equal to net sown area X average annual r a i n -
f a l l for the respect ive d i s t r i c t . 
I v ) , To ta l volume of water a v a i l a b l e i n the d i s t r i c t s 
h a s been ob ta ined by adding VCW, VGVif and VRW. The sum has 
been d iv ided by the GCA i n o r d e r to know the a v a i l a b i l i t y of 
w a t e r pe r h e c t a r e of cropped a r e a . 
( 2 ) . The i n t e n s i t y of i r r i g a t i o n and c ropping both were 
computed by: 
GIA 
I r r i g a t i o n I n t e n s i t y Index = X 100 
NIA 
GCA 
Cropping Intensity Index = X 100 
NCA 
( 3 ) . C o r r e l a t i o n c o e f f i c i e n t between t o t a l i r r i g a t e d 
a r e a and t o t a l c rop p r o d u c t i o n f o r every d i s t r i c t ( t a k i n g y e a r l y 
d a t a 1960-61 to 1985-86) has been computed by: 
xy - Nxy 
C o r r e l a t i o n c o e f f i c i e n t o r r = 
N7^ /y 
where x 
X 
N 
y 
y = • — 
N 
\nr 
' ' -V N 
. / ^' 
; 2 
2 
- y 
N 
The present work Is divided into two parts spread over 
six chapters. 
Part one comprises of chapter one, two and three. This 
part is devoted to the general description of principles. In 
the first chapter water as a resource has been discussed, its 
management, hindrances and problems and its efficient utilization. 
The second chapter is devoted to the conservation of water on 
farms. The review of literature has been discussed in the 
third chapter. 
Part two presents the crux of the problem investigated. 
This section comprises of chapter fourth, fifth and sixth. 
Chapter four mnkoG un ultriiij)L Lo nnaly.<;e the ])hysical features, 
drainage, climate and soils of Western Uttar Pradesh. It tries 
to assess the impact of physical environment on the available 
water resources of V/estern Uttar Pradesh, Chapter five is 
devoted to the district-wise assessment of the available water 
resources from different parameters — rainfall, surface and 
ground. Here an assessment is made of the total volume of water 
available in the fourteen districts of Western Uttar Pradesh. 
Chapter six is devoted to the district-wise assessment of the 
agricultural background, area and production of crops and 
intensity of cropping. An attempt is also made to study the 
development of irrigation facilities both surface and ground 
water and changes occuring in the different sources of irrigation 
and intensity of irrigation. Correlation coefficient has been 
calculated between total irrigation and total crop production 
in the fourteen districts. Based on the results obtained, 
regions were delineated for planning for efficient utilization 
of water resources for agricultural purposes in Western Utt ar 
PART Offfi: PRINCIPLES 
CHAPTER - 1 
WATER RESOURCES 
(1.1). WATER AS A RESOURCE; 
Resources can be defined as things which participate 
in the fulfilment of man's needs and goals. Therefore, 
nothing is a resource in itself. _Infact its resourcefulness 
is latent in the capability of satisfying human needs. Accord-
ing to Zimmerman, "neither the •::nvi.Yor\<o/^rii.j as such nor parts 
or features of the environment p&r area are resources;they become 
resource only if, when and in so far as they are considered to 
be, capable of serving man's needs" (Zimmerman, 1933). In a 
revised edition Zimmerman stressed that natural resources are 
dynamic, becoming available to man through a combination of 
increased knowledge and expanding technology, as well as 
changing individual and societal objective. In his words, 
"resources are not, they become; they are not static but expand 
and contract in response to human wants and human actions" 
(Zimmerman, 1951). 
According to Guha, 'a thing becomes resource by its 
function in relation to man' (Guha, 1964). Hooder and Rodger 
Lee defined resources as inputs to the process of production 
and they generate a flow of productive services, Knovn f5ls 
factors of production, when used in combination by firms 
(Hooder, Rodger Lee, 1974). Thus, resources may be defined in 
various ways according to the importance of subocctive, rela-
tive and functional aspect such as, resources are the environ-
ment appraised to its usefulness to man. Resources are the 
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environment received in its relation to human wants and 
abilities. Resources are the environment functioning to 
satisfy human needs. 
With the progress and development of human culture, 
utilization rate of resources has also increased. Generally 
resources are classified according to their capabilities of 
satisfying human needs. A classification of resources can 
be made on two basis, first according to its capacity of 
renewal and secondly, on the basis of availability and distri-
bution. 
Water is an important inexaustible natural resource and 
is needed by man for various uses. No one can imagine the 
existence of living organisms in the absence of this precious 
resource. It is required for human consumption and is essential 
for the growth of agricultural produce which in turn sustains 
life. From time immemorial water has served as a medium for 
the transport of cargoes. Water has often provided an ii.'oortant 
setting for the fulfillment of sports, tourism and recreational 
needs. Water resources serve as a form of power to produce 
steam for mechanical power or to generate electricity (Varshney, 
et al, 1979). 
The origin of water on our planet is not clear. The 
current thinking is that the primordial earth had no oceans 
and perhaps very little atmosphere. It is believed that the 
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volatile Constituents trapped within earths interior leaking 
to the surface through volcanic eruptions, intensive rock 
movement and hot springs condensed to form the oceans and 
atmosphere. Water evaporates from the oceans due to solar 
heat to form clouds that float around in gaseous form or in 
liquid droplet form. Eventually, the water returns to the 
earth in the form of precipitation. The gigantic hydrological 
cycle represents a continuous process of exchange of water from 
the earth's surface to the atmosphere and vice-versa, under 
the influence of solar heat. The total water involved even-
tually is the same considering the earth as a whole. 
The hydrological cycle is made up of two parts. The 
first part is the atmospheric where, the horizontal movement 
of water vapour predominates and the second, is the terristrial, 
where the movement of water in liquid and solid form pre-domi-
nates. Any change in equilibrium of the hydrological cycle 
is adjusted by transportation of water vapours from the excess 
areas to the deficit areas (Rao, 1979). The atmosphere 
contains only 0.035 per cent of all fresh water. The water 
content of the atmosphere is equivalent to approximately 25 mm 
of precipitation distributed evenly over the globe and with a 
mean precipitation rate approaching 1000 mm per annum. This 
indicates an average residence time of only 10 days for each 
water molecule (Smith, 1975). 
The process of evaporation and precipitation regulates 
the hydrological cycle and this cycle controls the terrestrial 
water balance. The source of most of the r a in i s the ocean. 
Air masses, which are s i tua ted over the ocean and seas pick up 
water through evaporat ion. When these a i r masses rush towards 
the cont inents much of t h i s water which they contained f a l l s 
out as p r e c i p i t a t i o n . 
Ocean i s the basic r e se rvo i r of water. About 77 per cent 
of a l l type of p r e c i p i t a t i o n i s received by the oceans while 
the quant i ty of evaporation from the oceans i s 84 per cen t . 
Evaporation from the ocean surface t o t a l s about 109,000 cu, m, 
per year and from the cont inents t o t a l s about 15,000 cu.m. 
The t o t a l amount of evaporation i s 124,000 cu.m., out of which 
98,000 cu,m. i s received by the oceans and the remaining 26,000 
cu.m. i s received by the land surface . The land surface rece ives 
11,000 cu.m. more water as p r e c i p i t a t i o n than they lose by eva-
pora t ion ( S t r a h l e r , e t a l , 1977). Thus the gross a v a i l a b i l i t y 
of water resources i s pr imari ly determined by p r e c i p j t a t i o n 
and the l a t i t u d i n a l d i s t r i b u t i o n of water balance components 
(Smith, 1975), 
For water supply we l a rge ly depend on r a in when i t 
reaches the ground, par t of i t flows into r i v e r s , l akes , pond.3, 
streams etc and i s known as surface water. Some of i t r eve r t s 
to the atmosphere due to evaporation and the remaining reaches 
the sub-soi l water t a b l e . Water supply schemes employ the 
surface and the ground sources. Thece sources are as fol lows: 
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(1). Surface Sources; 
i). River, streams and lakes. 
ii). Reservoirs. 
(2). Ground Sources: 
1). Springs, 
ii). Shallow wells. 
iii). Artesian wells. 
(1). Surface Water; 
The basic source of surface water is precipitation in 
the form of rainfall or snowfall. Run-off from precipitation 
drains through streams and rivers or collects in surface dep-
ressions forming tanks or ponds. Runoff water from streams 
and rivers is stored in reservoirs or is diverted directly 
through canal system for irrigation. Runoff water stored in 
tanks or ponds is also regulated for irrigation through suitable 
conveyance systems. 
River water is the largest source of water supply. It 
is highly polluted particularly when sewage is discharged into 
the river either after full or partial treatment. The most 
important characteristic of the river water is its property of 
self purification. Streams are long narrow body of flowing 
water occupying a trench like depression and moving at lower 
levels under the force of gravity. Streams have a comparatively 
smaller catchment areas than rivers and hence the runoff is 
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smaller. Therefore, streams provide smaller quantities of 
water. Lakes contain large amount of fresh water in storage. 
They are natural depressions with floors below the altitude 
of the water table and these depressions have been created by-
faulting and erosion by wind and ice sheets. Direct mm-off 
of precipitation and seepage of ground water, maintains lakes 
throughout the year. Reservoirs are important source of water 
supply especially in areas where seasonal imbalance of gross 
water is very high. In such areas where the total flow of a 
stream or river in a year is sufficient but decreases in dry 
seasons. The excess water, during monsoon can be stored in a 
storage reservoir. 
Water resources of India are limited, of the estimated 
370 hectare metres of annual precipitation about 170 million 
hectare metres are available as run-off through streams and 
rivers, of this the utillsable resource is only about Oxie-third, 
due to the limitation Imposed by topography of the land a-Td 
flow characteristics of streams and rivers (Dakshinaraurti, et al, 
1976). 
About 75 per cent of the water used is surface water 
because the development of surface water is usually cheaper 
and easier than that of ground water. The composition of 
surface water varies with the terrain through which the water 
flows because the dissolving minerals that enter the water 
solution vary. The composition of water is often critical to 
t h e uses that can be made of I t . 
The oceans remain by far the l a r g e s t p o t e n t i a l source 
of water and together with the inland seas contains about 90 
per cent of the ear ths water. This ocean water could be made 
potable if i t s sa l ine contents \iere reduced from about 55,000 
p a r t per mil l ion to 500 pa r t s per mi l l ion or l e s s , 
( 2 ) , Ground Water; 
Ground water or underground water occurs below the 
surface of the ground in a zone of s a tu ra t ion tha t i s , the 
zone in which permeable rocks are sa tura ted with water under 
hydros t a t i c p res su re . Water moves down from the surface by 
grav i ty to en ter t h i s zone, the upper surface of which i s 
ca l led the water table or phrea t ic surface , for t h i s reason 
the ground water i s some-times ca l led p h r e a t i c , sub-surface or 
sub-terranean water . The lower l i m i t s of the zone i s toe point 
a t which the underlying rock formation becomes so dense ti at 
water cannot pene t ra te i t . I t may vary in depth from a few 
metres to hundreds of metres. The zone of s a tu ra t i on i s very 
important because i t supplies water to a l l mountain s treams. 
I t acts as a g igant ic r e se rvo i r which r e t a in s water during 
wet periods causing a r i s e in the water t a b l e . In t h i s way 
i t s to res large quan t i t i e s of water which because of the slowness 
of movement through the zone are under normal conditions d i s -
charged at a f a i r l y uniform r a t e . 
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Ground water has been laid down very unevenly beneath 
the surface and moves towards the oceans like surface waters, 
much more slowly. It flows through v/ater bearing strata called 
aquifers. On ocassions it may be trapped in aquifers by under-
lying impermeable rocks to form great reservoirs such as those 
which lie deep under the Sahara Desert. These contain pure 
fossil water that has been accumulated under the post conditions 
over thousands of years and is no longer subject to natural 
recharge. In a similar category is connate water, which was 
trapped in the interstices of sedimentary ixjcks at the time 
they were deposited and thus differs from normal ground water 
which is atmospheric in origin. Connate water may be released 
by subsequent igneous activity in the form of Juvinile water 
but is of less use. 
The porous rocks beneath the surface of the earth are 
large reservoirs of water wealth. Porous water bearing strata 
exist every where among the sedimentary formations as welJ as 
among recent alluvial deposits. A knowledge of the geological 
structure is necessary in order to tap these sources with 
maximum of efficiency. A large part of the rain that falls is 
speedily returned to the sea. Only a very small percentage 
being allowed to soak underneath the ground and flows down in 
the direction of the dip of the more pervious strata, this 
saturates the water up to a certain level and after a variable 
amount of circulation under ground, the water issues or comes 
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out again on a suitable outlet being found in the form of 
springs, wells or seepages. 
Springs are common in the rocky districts where pervious 
and impervious strata are inter-bedded and inclined or folded 
or where a set of rocKs are traversed by Joints, fissures and 
faults (Wadia, 1976). Springs are mainly found in hilly areas 
where the sub-soil water table gets exposed on the slope of the 
hills. As the water table is exposed on the slope, water comes 
out in the form of a spring. 
Wells, the most common source of water in India are merely 
holes in the surface below the line of saturation, reaching the 
more porous rock-beds in which water accumulates by simple 
drainage or by percolation. Shallow wells are dug in the top 
layer of the earth. These wells obtain water from the sub-soil 
water table. They are also called open or dug wells and they 
contain poor quality of water v;hich is obtained by direct perco-
lation. Artesian wells are formed when an. aquifer is enclosed 
between two impervious layer with the out crop so high above 
the site of the well that the hydraulic gradient line is above 
the ground surface. It is usually formed in a valley and when 
the boring is done in top layer, water which is under pressure 
rises up and flows out with great force. The quality of water 
from artesian wells is the same as that of tube-well water. 
India is blessed with a comparatively large resource of 
ground water. The alluvial plains of Ganga are great reservoir 
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of such stored up water and yield large quantities of sweet 
water by boring to suitable depths below the surface. The 
ground water storage to a depth of about 300 metres has been 
estimated at 37»000 million cubic metres which is equal to about 
ten times the annual rainfall, the latter serving as the main 
source of ground water recharge. The occurance and distribution 
of ground water depends on the characteristics of the under-
ground formations (Micheal, et al., 1979). 
Ground water requires no expenditure for storage and 
transport and can be harnessed by the farmer with his own 
effort?, except possibly for a short term loan. It involves no 
environmental problems, no evaporation and seepage losses and 
no problems of water logging. It is a resource entirely not 
under the bureaucrats but the farmer. Another point is that 
ground water irrigation is twice as efficient in terms of agri-
cultural productivity as surface water irrigation (Hindustan 
Times, 1987). 
It is clear therefore, that although a great deal of 
water is available for use by man, the supply is not infinite 
while it is likely that the quantity of usable water will be 
increased by such technological developments as desalination 
and the creation of artificial precipitation. It is certain 
that for sometime to come, by far, the greater proportion of our 
water supplies will be derived primarily from surface run-off 
and to a lesser extent from sub-terranean sources. 
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In a complex society water is put to a great variety of 
uses for Irrigating crops, for the generation of hydro-elect-
ricity, for controlling pollution and as a source for drinking. 
In one way or another, all these uses are interdependent for 
e.g.: the construction of a modem dam promotes irrigation, 
the generation of hydro-electricity, flood control and recrea-
tion. The diversion of water from a stream for irrigation or 
for drinking may impair navigation and power uses, which may 
create water pollution problems. Individual excessive pumping 
of underground water supplies may cause a general lowering of 
the water table with inhibiting effects on other uses of water, 
while the storage of water in reservoirs may cause considerable 
losses through evaporation. 
Of all these competing uses, water for irrigation is 
perhaps the most important as it is essential for the survival 
of many people in many parts of the world. Unlike the o'-her 
uses of water, it tends to be very consumptive, that is to say 
it interferes substantially with the hydrologic cycle of evapo-
ration, rainfall and runoff, this effect is mainly due to heavy 
losses by evaporation. In addition the return flow of irrigation 
water to rivers and canals after use does not contain the same 
quality of water which was originally applied to the field. It 
is almost, always altered by varying degree of mineral concent-
ration and organic matter and may be unfit for some uses without 
ameliorating treatment. For these reasons efficient use and 
J2 
effective condervation of irrigation waters .are of grxDwing and 
crucial importance (Contor, 1969). 
(1.2). MANAGING WATER RESOURCES; 
India has a vast wealth riverine resources comprising of 
five major river systems namely The Ganga, The Brahamputra and 
the part of Indus river systems in the north and the Mahanadi, 
the Godavari, the Krishna and the Cauvery in the Peninsular 
East coast and the Narmada, the Tapti and the torrential streams 
of Western Ghats in the west coast. Beside these rivers there 
are number of lakes scattered all over India which are also of 
potential water resource value. 
India is the most irrigated country in the world where 
monsoon rains remarcate clearly the dry and wet seasons of the 
year, necessiating building up of water storage or diversion 
facilities to tide over the long dry spells. Any area having 
a rainfall of 25 cm or less cannot do without irrigation but in 
the arid areas of the Punjab and Rajasthan and in the drier 
parts of Peninsular south India with rainfalls between 40 and 
100 cm., various irrigational methods are adopted to divert 
river wat >r or store the surface run-off water (Rajagopal, 1976), 
The water pollution and degradation are really more 
serious where industrialisation and urbanisation have advanced 
to a high level. The need for solving the practical field 
problem of weed control is more keenly felt in India than in 
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other countries where the aquatic weed problem is not so acute 
due to temperature v^ eather conditions and other causes. Consi-
derable quantum of water loss is there by due to evapotranspira-
tion and from exposed water surface. The weed choked water 
quickly deteriorates into a svamp. Besides much of the v/ater 
harvested from watersheds or diverted from streams are lost by 
seepage and evaporation from tanks, canals, distributaries, water 
courses and field channels. The loss from field water course 
alone is estimated to be about 15 to 40 per cent. 
Inadequately or improperly desit^ ned field irrigation and 
unscientific water application methods are leading to huge losses 
of water by seepage and deep percolation. Seepage and deep 
percolation represent the loss of a valuable resource developed 
at high cost. In many areas water losses occur due to water-
logging and accumulation of harmful salts. 
Many problems of land and water management of grave 
importance now confront our irrigated agriculture. Efficient 
water management should therefore, be an essential feature of 
our water management planning. The water supply, the soil, the 
topography and the crops to be grown determine the correct methods 
of applying water and to prevent water losses. 
The problem of water management in India arise basically 
from the circumstances that although the total annual precipi-
tation is large enough to place entire land surface under water 
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but it is not spread evenly either in terras of space or time. 
This makes it necessary to conserve as much water as possible 
for use during the long dry season. 
Water management is very necessary to get the optimum 
from the land through assured supply of water, attention will 
have to be given to a number of details at every stage. This 
means one has to take into consideration the soil characteris-
tics, designs, construction of channels, cropping practices, 
administrative reforms, use of water properly and other aspects. 
There must be a thrust put on to manage the countries water 
resources. Due notice must be taken off the fact that major 
and medium projects have become non-viable on account of the 
excessive costs both financially and environmentally which 
should reduce water losses. At the same time every possible 
effort must be made to restore existing projects to a state of 
good health by attending more seriously to the problems of 
capacity, utilization, command area development, water-logging 
and the financial losses. 
Secondly, ground water should be treated with the care 
and respect as this resource deserves as offering the quickest 
and the cheapest source. It is the most widely available and 
safest source of water supply for agriculture industries 
or domestic or for any other purposes. 
Thirdly, the enormous run-off losses and soil losses which 
occur annually should be reduced to the maximum possible extent. 
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Land management or soil management should be recognized as 
the most important single input for good water management. 
Fourthly, wide ranging administrative reforms will be 
required to implement the third policy recommendation through 
accelerated programmes of afforestation, restoration of 
pastures, treatment of agricultural lands, subject to run-off 
and soil losses. Moreover, control should be made on unrest-
ricted overgrazing. 
Finally, all sources of water whether ground or surface 
should be protected against pollution. Water must also be 
used most economically in all sectors of consumption and 
recycled for less demanding uses wherever possible (Hindustan 
Times, 1987). 
Water pollution control is a most important step in 
conserving and managing water resources. Water conservation 
is necessary for conserving soil, deforestation, floods and 
declining water l-ible. For conserving water, there must be 
Judicious use of the resource, so that waste of water could 
be checked. The problem of conservation of water is not one that 
can be solved independent of the conservation of soil. 
Purification of water and processing of sewage and indus-
trial waste are two of the important steps in the conservation 
and management programme of surface water. There must be some 
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law that without processing and treatment of industrial 
waste water should not be thrown in the rivers. Government 
should popularize country v/ide managing and conservation 
practices. There must be research centres to develop new 
techniques for conserving this valuable resource in different 
parts of the country. 
Management and utilization of natural water resources 
is of great importance. Rivers, tanks and ponds are valuable 
sources of water for irrigation. River waters must be free 
from pollution otherwise it is effective to agriculture, more-
over floods must be controlled to some extent in order to stop 
water wastage by flooding. Construction of low cost smaller 
dams across the streams and tributaries not only controls the 
flood but also meets the water supply demand of the weaker sec-
tions of the society. 
There must be a systematic way of efficient use of the 
tank waters. Due to lack of proper attention to the tanks, most 
of the tnnUa n v. silting. It is thus necessary to take up 
disilting programmes in order to treat the tank water properly 
(Singh, 1977). 
(1.3).HINDRANCES TO WATER RESOURCE DEVELOPMENT: 
Many h i n d r a n c e s occur to water r e sou rce development . The 
a t t e n t i o n of our i r r i g a t i o n en t , ineers t i l l r e c e n t l y has been 
conf ined to the cana l o u t l e t where the water i s d e l i v e r e d , but 
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has by and large not been related to the quantitative and 
qualitative aspects of water use on the farm. The traditional 
irrigation system is mainly designed for protective irrigation 
and not adapted to the modern intensive agriculture based on 
high yielding crop varieties and multiple cropping techniques 
with increased fertilizers use requiring frequent irrigation. 
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Many problems of land planning and water management of 
grave Importance now confront our irrigated agriculture. Large 
quantities of water harvested from watersheds, pumped from 
ground water resources or diverted from streams, are lost by 
seepage and evaporation from lalces, tanks, canals and distri-
butaries, water courses and field channels. The loss from 
field water courses alone is estimated to be about 15 to AO 
per cent of the water delivered at the canal outlet. Inade-
quately or improperly designed field irrigation system and 
unscientific water application methods are leading to huge losses 
of water by seepage and deep percolation below the root zone. 
Seepage and deep percolation represent the loss of a 
valuable resource developed at high cost. In many areas not 
only is the loss of water a great concern but the damage it 
creates by water logging and accumulation of harmful salts is 
considerable. It is estimated that about 6 million hectares of 
land in India is water-logged. Much of the area has the problem 
of water unusable by salt accumulation. A large part of the 
water-logged portion is located in areas where canal irrigation 
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has made rapid progress. In many cases the source of water-
logging and salt problems could be traced to the faulty-
planning of irrigation schemes that were executed without 
due consideration for drainage. Excessive seepage and deep 
percolation losses over years have pushed up the sub-soil 
water table in the canal command areas and brought unwanted 
salts to the surface, rendering the area barren. 
Efficient water manai'.ement should therefore, be an 
essential feature of our irrigation planning. Integrated deve-
lopment of water resources, efficient methods of conveyance 
and distribution of water on the farm, judicious methods of 
water application, proper soil management practices and cropping 
patterns for high water use efficiency, scientific timings of 
irrigation according to the development rhythm of the plant and 
the removal of excess water, are important aspects of a compre-
hensive irrigation development programme. Irrigation projects 
cannot be considered complete until well engineered provisions 
have been made to apply water efficiently at times and in 
amounts consistent with the physical properties of soil and 
plant growth as to remove the surplus water where ever necessary 
(Dakshinamurti, 1973). 
Beside seepage and evaporation, inadequate provisions 
of drainage in the irrigated areas has given rise to serious 
problems of waters-logging and salinization of agricultural 
lands and in water resource developments. Due to increased 
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irrigation seepage through canals, clearance of vegetation 
and forests, high floods etc., the water table rises some-
times so high as to affect the productivity of the soil and 
cuts out aircirculation to plant root zone. The depth of 
water table from ground level which causes water-logging is 
not same for all conditions. It depends upon the nature of 
the soil and type of cix)p. 
Water-logging occurs when the large quantity of water 
seeping through the canals and other methods of irrigation 
water courses and irrigated fields is added to the ground 
water. This increases the level of watertable in the area. 
Some times due to this rise of watertable the inflow and 
outflow equilibrium may be attained so near the surface that 
area may become water-logged. 
Introduction of canal water often results in less 
utilisation of ground water as the cultivators discontinue 
or reduce use of well water. The direct consequences of this 
unbalanced utilisation is water-logging and salinity problem. 
The need for planned development and unified management of all 
water resources is therefore, necessary. This can be most 
economically attained by conjunctive use of surface and ground 
water resources. 
Natural causes such as topography geology, rainfall, 
floods cause waterlogging in the fields. Artificial causes like 
defective method of cultivation, defective irrigation practices. 
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seepage from canals and construction of reservoir are some 
causes which give rise to water-logging which creates a 
problem in the development of water resources and agricultural 
practices. Water-logging causes infertility of land due to 
growth of water needs, plant diseases, restricted root growth 
and rise of salts in the surface layers. These affect much 
to the fertility of the soil andin turn effect the production 
of crops. 
It is obvious that the solution to the problem of water-
logging lies In reducing or mitigating the factors which 
contribute to the inflow of water to the ground reservoir 
and increasing or assisting the sources of outflow. Lining 
of canals and water-courses, lowering of full supply level in 
canals, encouraging economical use of water, changing crop 
pattern helps to prevent water-logging in the fields (Varshney, 
et al., 1979). 
Due to presence of water near the surface, aided by 
capillary action continuous evaporation takes place which in 
turn establishes continuous upward flow of water from water-
table to the surface. This upward flow brings with it, salts 
in solution which on drying, leaves a patch of salt on the 
surface of the soil. This problem of salinity and salt-efflo-
rescence creates problem in the development of water resources. 
Salination occurs because the roots of the plants absorb ihe 
irrigation water but exclude most of the salt it contains. 
21 
The salt then remains in the soilzone upon which the plant 
depends for growth. Salination can be prevented if sufficient 
water were applied to the land both to satisfy plant require-
ments and to leach the salt through the soil into properly 
constructed drainage channels to carry the water away (Cantor, 
1969). 
Floods are another important hindrances in the develop-
ment of water resources in the Indian subcontinent. Major 
river system in the country and especially those of north 
India rise in spate during the monsoons, frequently inundating 
vast tracts of land, causing damage to crops, property and 
bringing considerable misery to the community including epide-
mics and loss of life. 
Floods are a significant national problem of India, 
requiring for its solution the application of the knowledge of 
science and technology is a must. Floods cause great irregula-
rities in the river regulation, water supply, recharging ground 
water and in the development of power and navigation. 
The best way to control floods is to intercept them with 
storage reservoirs so that only moderated floods are allowed 
to flow thiK)ugh the valley below. Multi-purpose projects cou'' 1 
be planned to provide for flood control. 
Droughts are a serious problem in the development of water 
resource distribution and irrigation mainly in the arid regions 
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and where rainfall is less. The problem posed by drought 
vary from area to area, depending on the amount of rainfall 
and its variability and also the extent to which irrigation 
has been developed. Droughts have also a socio-economic 
dimension. The problem has raaic glaring disparities in income 
and living standards between thedry and drought areas on the 
one hand and the irrigated and high rainfall areas on the 
other. These are also responsible for poor crop and at some 
places total crop failure. Providing irrigation to the maximum 
extent, possible is the major step in relieving the drought 
affected areas from scarcity conditions. 
Water pollution and water crisis are also the main 
problems in water management and water conservation. The demand 
of water for agricultural, industrial and domestic purposes will 
increase proportionally with the increase in world population. 
India has ample of water resources but most of it is highly 
polluted. Environmental Engineering Research Institute points 
that a staggering 70 per cent of the available water in India 
is polluted. Community wastes from human settlements account 
for four to five times as much waste water as industrial efflu-
ents. Most of these wastes are discharged untreated into the 
water courses. The magnitude of the problem is evident. More-
over, soil erosion in the catchment areas add significantly to 
the silt load of the river which increases the pollution problem 
and creates an hindrance in water utilization. 
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Decrease in water table is a major problem in the progress 
of water utilization. With the help of powerful pumps man has 
seriously depleted water resources. Water table is continuously 
decreasing in some areas due to the high rate of pumping. Rate 
of draft is comparatively high than the rate of recharge. A 
decrease in water table affects stream flow adversely. The 
year-round flow of many smaller stream is sustained by ground 
water seepage. If the water table goes down permanently below 
the stream level, the stream will contain water only in rainy 
season, when water reaches the stream directly by over land 
flow. The problem of decreasing water table can be solved by 
artificial recharge. Land subsidence from excessive ground water 
withdrawl is an another serious problem. For the solution of 
problem recharge wells can be drilled to inject water into the 
aquifer, 
(1.4). INCREASING WATER USE EFFICIENCY BY CROP MANAGEMENT: 
Water is a basic input influencing crop production. 
Both deficit as well as jx.ess moisture reduce the crop yields. 
Water plays several vital roles in plant life. Biochemical 
processes such as transpiration building up of plant body and 
its contents, hydration and photosynthesis are profoundly 
Influenced by soil moisture. Water requirements of different 
crops vary widely, depending on the type of soil. Efficient 
water use on any one soil depends upon its physical and agro-
climatic conditions. It is therefore, necessary that the 
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physical properties of the soils, namely, their infiltration 
characteristics, structure, moisture holding capacity, the 
response of fertiliser to irrigation are known for successful 
management of water on the farm. 
Though evapotranspiration is essentially a function 
of climatological factors, crop management practices result in 
substantial increase in crop yields thus attaining high effi-
ciency in water utilization. Selection of suitable varieties 
of crops with optimum adaptation to the total quantity and 
distribution of available water, adaption of water management 
practices that reduce water loss in conveyance and application, 
selection of suitable planting time and scheduling irrigation 
at critical periods to best suit the crop* growth are important 
crop management practices for increasing the efficiency in water 
use. 
Successful irrigated farming involves the interaction of 
the soil, the water and the crops being grown. The amount of 
water to be applied and the interval between successive irriga-
tions depend greatly on the extensiveness of the root system. 
Stage of plant growth, water storage properties of the soil, 
transpiration characteristics of the individual crops and 
weather factors which in fluence water loss by evaporation. 
The water supply, the soil, the topography and the crops to be 
grown determine the correct methods of applying irrigation 
water. Irrigation water may be applied by controlled surface 
flooding methods or by the sprinkler method in order to 
increase water efficiency. 
Water is an essential element for agriculture, but the 
present rate of consumption of water for raising crop is only 
about 50 per cent. This makes the conservation of water and 
its judicious and economical use a matter of greatest import-
ance. 
Water, is also an important constituent of protoplasm 
and is present to an extent of 85 to 90 per cent in the fresh 
weight of actively growing plant parts. It is an essential 
reagent in the photosynthesis process. All plant nutrients 
enter into the plants through water. Inspite of its essentiality 
it is interesting to note that the total quantity of water 
required foi^  all these processes is less than 5 per cent of the 
water absorbed. Most of the water entering into plants is lost 
by evapotranspiration, directly contributing little or nothing 
to the growth of the plants. Water deficiency hastens maturation 
of the plant. This affects both the size of the plant and the 
quality of its yield. The internal turgidity of a plant depends 
upon the relative rates of water absorption and water loss. 
Several techniques are available to measure water poten-
tials and water deficits in plants. Future irrigation practices 
should depend lar;,ely on the knowledge of the water deficiency 
in plants acquired on tiie spot rather than the moisture defi-
ciency in the soil. Irrigation should be done judiciously in 
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in order to get maximised fields with a given quantity of water, 
as water is a precious commodity. 
Agriculture, today can to a large extent be taken as an 
industry by itself. It is the primary source of man. Judicious 
exploitation and the utilization of the material resources essen-
tial for plant growth goes a long way in the maximisation of the 
yields, soil and land resources, abundance of sunshine all the 
year round, monsoon rainfall and favourable temperatures, and 
a variety of soil types are the inputs that determine the agro-
climatic regions suitable for the types of crops to be deter-
mined. 
The consumptive use of water by plant as well as deep 
percolation into the soil are the two major paths through v/hich 
the applied water to a crop is disposed off. In order to 
utilise water most beneficially the crop ixjots should get the 
water required at the sight time. It is not the total quantity 
of water that is present in the soil that matters, but the 
quantity that can be made available to the plant. The available 
water depends upon the soil type and its physical properties. 
The water requirements of a crop are determined by evapo-
transpiration which is a physical process involving the conver-
sion of water into vapour with the aid of energy derived from the 
sun, Evapo-transpiration or consumptive use, is thus governed 
primarily by meteorological factors like solar radiation, relative 
humidity etc. Consequently, the water requirements of various 
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crops are determined largely by the length of their gixjwth 
periods and seasonal changes in climate. The magnitude of 
consumptive use depends on temperature, humidity and wind 
velocity. It is also influenced to some extent by the crop 
and its variety, the degree of crop. Canopy, stage of growth 
of the crop, availability of soil moisture and fertiliser 
schedule. 
Water requirement of crops are different at different 
stages of their growth. When v/ater supply is limited, it is 
necessary to take into account the critical stages of crop 
growth with respect to moisture. Each crop has certain critical 
stages at which if there is shortage of moisture, yield is 
reduced drastically. 
Efficient irrigation practice can be also maintained by 
selecting proper cropping patterns and practices. Judicious 
irrigation may substantially increase water use efficiency or 
crop productivity per unit of water. 
* * * • ) « • * * * 
I f - * * * * 
* 
CHAPTER - 2 
CONSERVATION OF WATER ON FARM 
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Good irrigation management lies in the efficient use of 
the irrigation water once it reaches the field head. It is 
reported that as much as 50 per cent of the water delivered 
at the field head goes as deep percolation losses. On an 
average 33 per cent of water applied is lost at the field 
level. To use this water through surface irrigation methods 
with minimum of losses, on farm water-management technology 
should include run-off control, water-harvesting, efficient 
land levelling and shaping, efficient design and layout of the 
irrigation methods, scientific scheduling of irrigation under 
both adequate and deficit water supply. 
(2.1). RUN-OFF COI^ROL; 
A major part of the ra infa l l run-off, forming the r iver 
flow, cannot be harnessed for i r r iga t ion due to the l imitations 
imposed by topography and r iver flow charac te r i s t i cs . I t i s 
estimated that only 35 per cent of r iver flow can be u t i l i sed 
for i r r iga t ion . A part of the run-off, which i s otherwise los t 
as unusable runoff, can be retained on the farm for beneficial 
use in agriculture by adopting suitable soil and water manage-
ment practiceso 
Soil and water management practices aim at reducing run-
off and soil-erosion. Protection from soil-erosion is obtained 
by the resistance of vegetation or mechanical structures to the 
energies of ra in fa l l and runoff. The amount of soi l detached 
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by rain depends on the intensi ty oX the rain or the character 
of the soi l or the protective value of any cover present. 
Plant cover interrupts the travel of the splashes and reduce 
erosion. 
When the rate of ra infa l l exceeds the i n f i l t r a t i on rate 
of the so i l , water that is not absorbed where i t f a l l s , moves 
across the land as surface flow. The amount of soi l movement 
i s affected by the surface run-off of water. Therefore, cul-
tural and mechanical practice to reduce soi l erosion and 
conoerve a cubotantial portion of the run-off which is other-
wise los t , contour farming, strip-cropping and conservation 
t i l l age practices should be employed. 
( i ) . Contour Farming; 
I t i s the practice of conducting field operations 
such as ploughing, planting and cult ivat ing land across the 
slope. The small ridges and plant stems in the contained rows 
re ta in water and thus conserve moisture and prevent run-off 
and soi l erosion. 
( i i )» Strip-Cropping; 
I t is the practice of growing al ternate s t r ips 
of close growing and i n t e r - t i l l e d crops in the same f ie ld . This 
i s a more intensive soil-conservation practice than contour 
farming. When s t r ip cropping is combined with contour t i l l age 
or terracing, i t effectively divides the length of the slope, 
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checks the velocity of run-off, filters out soil from the 
run-off water and facilitates obsorption of rain. The growing 
of perennial grass in the alternate strips provide protection 
for a part of the field at times when the intertilled strips 
are bare. Crop rotations thL.'r provide strips of close-growing 
perennial grasses and lequmes, alternating with grain and 
Intertilled crops, are effective arrangements of crops for 
the conservation of run-off and reduction of soil erosion on 
crop land. 
Grassed water ways must be used for disposal of concent-
rated water on long slopes, diversion terraces are needed to 
carry away the water that collects from the til]ed strip. On 
slopes upto 12 per cent strip cropping alone can be depended on 
to prevent erosion if the length of slope is under 400 ft, 
terraces must also be used where percentage of slope ranges 
from 12 per cent to 20 per cent. For effective run-off and 
erosion control, strip width shovild vary inversely with per-
centage of slope, 
(iii). Conservation-tillage: 
It may consist of several types of soil manipula-
tions, such as ploughing, discing, harrowing and cultivating. 
The effect of tillage upon erosion is a function of its effect 
upon such factors as aggregation, surface sealing, infiltration 
and resistance to wind movement. In areas having hard compact 
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layers below the plough depth, occasional deep tillage 
facilitates increased infiltration of rainfall and its reten-
tion in the potential crop root zone. 
Contour riding is another important tillage practice to 
retain a large portion of the rainfall on the farm to facili-
tate its infiltration into the soil. In low rainfall areas 
in which a large percent of the rainfall comes in short intense 
storms, and in regions where gently sloping fields permit the 
use of contour farming, it ic alone done as an erosion control 
practice. 
(iv). Contour Bunding; 
The main objective of contour bunding is to inter-
cept the overland run-off flowing down the slope to reduce soil-
loss and to provide opportunity for increased infiltration of 
water. This practice consists of small earthen embankments 
constructed across the slope at predetermined spacing for inter-
cepting the run-off and retaining it on greater part of the 
field till it is absorbed. The specification of the terrace 
system depend upon the rain fall, soil type, slope and the 
vegetation. The contour bunding practice can be followed in 
slopy areas for increasing water supply for forage production. 
(v). Terracing; 
A te r race i s an embankment or r idge of ear th cons t -
ructed across a slope to control run-off and minimise s o i l 
e ros ion . A t e r r ace reduces the length of the h i l l s ide s lope, 
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thereby reducing soil-erosion, preventing; formation of c^Hies 
and reducing run-off. By reducing the length of slope, terraces 
contribute greatly in reducing soil loss. About 70 per cent of 
the soil disturbed by splash erosion raoves down hill. Terraces 
produce a barrier partially to stop this down hill movement of 
soil, A great part of the splashed soil is deposited in the 
terrace channel. Run-off velocities are reduced thus the in-
filtration opportunity time of the run off water collected in 
the terrace channel increases resulting in increased water 
conservation on the farm. 
(vi). Graded Bunds; 
The graded bunds are used for the safe disposal of 
excess run off in high rain fall areas and in areas where the 
soil is relatively impervious likewise, narrow base terraces, 
farming operations are not extended to bunds or its channel side 
slopes. 
(vii). Soil Conservation Structures: 
Good vegetative practices together with proper 
land use are indispensable in a sound soil and water conserva-
tion programme. The main function of erosion control structures 
is to safely dispose off peak rntc of run off from higher level 
to low r level. The soil conservation structui^ es consists of 
dams and allied, structures constructed across gullies at suit-
able points to reduce the velocity of run off, provide necessary 
opportunity for the run off water to infiltrate into the soil 
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and prevent gulley erosion. At some places temporary struc-
tures can also be made if the run-off is not excessive, 
(2.2). WATER-HARVESTING; 
In regions of water scarcity, new water supplies can 
be developed by capturin^^ and storing a portion of the rainfall 
that is otherwise lost. A large portion of the rain-fall in 
these regions is lost by non-beneficial evaporation, stream 
flow and seepage. Increased yields from watersheds in low 
rainfall areas substantially increase the potential for irriga-
tion and live i;tock use. The technology of water harvesting 
consists of collecting and storing water from land treated to 
increase rain-fall run-off. 
Run-off from catchments can be increased by building 
contour ditches to collect hillside run-off, by clearing vege-
tation and smoothering land surface, by treating soil surface 
to reduce its infiltration rate and by covering the soil surface 
with impermeable sheeting. When large areas of low cost land 
are available, land clearing and land shaping may increase 
run-off greatly and may be the most economical method of water-
harvesting. Run-off from bare and improductive soil can often 
bo increased by dispensing, the n/xrogated particles with sodium 
salts and hydropholic chemicals to reduce in filtration. Imper-
meable catchments may be constructed by spraying bitumen compounds 
on the soil surface (Dakshinamurti, 1973). 
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The harvested water can be stored in the s o i l p ro f i l e 
or a tank depending upon the r a i n - f a l l p a t t e r n , the quant i ty 
of run-off ava i l ab le , s o i l - c h a r a c t e r i o t i c s , p a r t i c u l a r l y s o i l 
depth and the type of p l an t s to be grovm. This stored water 
i s used e i t h e r for humar;- or animal consumption (Gupta, 1985). 
The run-off farming i s prac t iced if the water a f t e r harvest 
i s used for crop product ion. The run-off farming has been 
found to offer increas ing and s t a b l i z i n g y ie lds there by 
lowering the r i sk of crop f a i l u r e and sowing inputs required 
for crop production. V/ater harves t ing technique i s extremely 
s i g n i f i c a n t i n the great water d e f i c i t reg ions . In the absence 
of i r r i g a t i o n ground water resources and e r r a t i c low r a i n - f a l l 
condi t ions , there i s need to supplement the r a i n - f a l l deficiency 
by water ha rves t ing . 
Water harvest ing technique requi res a por t ion of t o t a l 
area under catchment and r e s t under command. If r a in water 
from the slopy na tu ra l catchment i s to be recycled, f a c i l i t i e s 
for storage are needed. Thus water harvest ing has two d i s t i n c t 
by in t imate ly r e l a t ed phases. In the f i r s t phase the catchment, 
n a t u r a l or man-made i s l e f t in the na tura l s t a t e or c leared of 
rocks (on h i l l s i d e s ) and vege ta t ion . In the second phase, i t 
can furtht^r have grassed water ways or polythelene covering 
for more and b e t t e r water y ie ld (Cooley, e t a l , 1973). 
The run-off farming i s p r ic t icod in a vnr io ty of ways, 
but there are tv/o basic approaches v/hich may be use! to promote 
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run-off namely: 
(l) Reducing the infiltration rate, and (ii) increasing 
the hydraulic efficiency of the catchment by ground farming. 
This includes the modification of such parameters as depression 
storage, ground slope, slope length drainage network, density 
and channel gradient (Hollick, 1972). 
Tanks or reservoirs are required for the water harvesting 
system to store run-off water for later use. Water stored in 
reservoirs is subject to loss by seepage and evaporation. 
Plastics, artificial rubber and chemicals could be used for 
lining and covering storage reservoirs to stop seepage and 
evaporation losses. Water borne asphalt emulsions are effective 
in preventing seepage from reservoirs. Seepage from unlined 
reservoirs in calcium aggregated soils can be greatly reduced by 
treatment with sodium carbonate without causing compaction. 
Unrestricted evaporation may result in the loss of 25 per-
cent or more of the water stored in tanks. It is possible to 
cover the surface of a reservoir with a fully compressed mono 
molecular layer of fatly alcohal series of compound or solid 
floats to retard evaporation. To maintain an effective layer 
of the retardant on the water surface for extended periods of 
time is still a major problem. 
The technology of water harvesting offers tremendous 
possibilities of developing new water supplies in the arid and 
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chronically drought prone areas. The annual monsoon rains 
provide us with one of the world's largest water resources, 
yet the crops fail because of drought and many of our villages 
are still without drinking water. Many reasons for this are, 
unequal geographicr^l distribution of rainfall and wastage of 
large volume of rain water through run-off. Being a tropical 
country about one-fifth of the rain water is lost through 
evaporation, almost one-third seeps underground while the 
remaining one half runs into the rivers and oceans. Dams across' 
the rivers collect and store only about one-tenth of the 
requirement of crops etc. 
To make the optimum use of rainfall resource to increase 
production from rainfed agriculture, it has been recognised 
that storage of runoff and recycling should form an essential 
part of the system. If the surplus water going waste as run-off 
during monsoon period is stored in the farm ponds, it will 
not only serve as good source of irrigation but will also help 
in minimising the flood hazard down stream. The farm ponds in 
which water is harvested are very useful in stabilising crop 
yield from rainfed agricultural areas. 
(2.3). GROUND WATER RSCHARGE; 
Our ground water supplies are vast but not inexhaustible. 
The main source of ground water is precipitation. In some areas 
ground water reservoirs are replenished by rain falling directly 
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on the land. In other places surface water in streams and 
lakes feed the ground water reservoir, when the water levels 
in these bodies of surface water are hif>;her than the water 
table and where the stream channel or lake bed is permeable. 
The rate of replenishment to the ground water reservoir varies 
with the pattern of precipitation and stream flow. It also 
varies with the permeability of the soil and other earth 
materials through which the water must percolate to reach the 
zone of saturation. 
Optimum development and sound management practices are 
vital to the sustained use of ground water. For water bearing 
formations, readily recharged from the surface, average pumpage 
may equal average recharge but should not exceed it. For deep 
artesian aquifers like the tarai region in Uttar Pradesh, where 
a substantial amount of recharge occurs at a region away from 
the area where it is used, the pumpage may exceed recharge in 
the area, but this must be managed and based on quantitative 
estimates of how much of the total ground water storage is 
being used. In coastal regions, however, the average pumping 
must be considerably less, than the average recharge so as to 
allow the ground water flow in the seaward direction thus 
preventing the intrusion of sea water into well sites. 
River flow constitutes the main source of water in our 
country, a part of which can be utilised for the purpose of 
artificial recharge. Out of a total estimated yearly river 
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flow of 170 million hectare metres, the total amount which 
could be utilised for surface irrigation is estimated to be 
38 million hectare metres. A part of the unutilisable portion 
of the runoff, which goes waste every year, could well be 
utilised for the purpose of artificial recharge of ground 
water. 
Ground water recharge may be increased by soil conserva-
tion measures and artificial recharge procedures. The amount 
of rainfall or ponded surface water infiltrated in the soil 
varies greatly with the condition of soil surface and the 
moisture content of the soil at the time the rain falls. The 
total amount of water infiltrated depends on tlic infiltration 
opportunity time, which depends mainly on the slope of the land 
and the field structures like contour bunds, terraces and other 
structures which tend to hold the runoff water over long periods 
on the land surface. The most common artificial methods of 
ground water recharge are essentially the same as that of 
aurfj'ce irrJfvition with the difforonce tli.-it in recharge opera-
tion the water is allowed to stand on the field for a much 
longer period. Suitable diversion structures constructed across 
a stream channel, cause tiie water level to rise on the upstream 
side, which can be diverted on the land surfaces. This type of 
application which is generally called water spreading can be 
classified into: basin method, lurrov/ or ditch metJiod and 
flooding. 
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(i). The Basin Method; 
The basin method permits a maximum wetted surface 
area and is mostly recommended. In this method, water is 
diverted to the uppermost of a series of basins or percolation 
tanks separated frx>m one another by low height levees. The 
levees generally run on contours. They are constructed with 
materials like stone or boulder which with stand the overtapping 
of water. In places where such materials are not available 
suitable structures are constructed on the levees to allow water 
to drop from the hiijhor basin to the lower. This method is 
particularly suitable where ground surface Is .1 r-r-Por,n 5,|« an(j 
infested with a number of shallow gullies and ridges. 
(ii). Furrow Method; 
In this method of recharge, water is diverted from 
a main canal running along a contour into a series of parallel 
furrows. These furrows differ from irrigation furrows, in 
that, they are flat bottomed and shallow tp allow maximum 
possible surface area to come in contact with water. 
(iii).Flooding Method; 
In this method, water is allowed to flow in a thin 
sheet over the soil surface. It is suitable for flatland with 
gentle slope. Any irregularity in the field tends to accumulate 
the water and cuts gullies in the field thereby reducing the 
contact area. In such cases small levees across the rills may 
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improve the spreading characteristics of water. 
The selection of a particular method depends upon 
factors liks topography, slope, type of soil and cost of labour 
involved. The selection of sites for water spreading must be 
made of the grounu vvater basin so as to obtain the most effi-
cient utilisation of the storage capacity and of the trans-
missibility of the aquifers. 
In areas where the water bearing stratum is overlain by 
an impermeable layer, surface method of recharge may not be of 
much help. Water will penetrate the top soil and as soon as it 
strikes the impermeable layer, it will flow away as inter flow 
and v/ill not join the water-table. Depending upon the depth 
of the impermeable layer, recharge can be done by large pits 
o-r wells, the former being used where the impermeable layer is 
at shallow depth and the latter when the impermeable layer is 
encountered at large depths. Sometimes the water is compressed 
into the soil through tube-wells. Recharge by wells is also 
practised where the land surface is unavailable for recharge 
because of cultivation requirements or is unsuitable for 
recharge in urban areas. The volume of water recharged by 
the well or pit method is, however, low and are not practised 
where otht'r methods are feasible. 
Many ground water reservoirs can hold far more water 
than the largest artificial surface reservoir, yet few are 
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fully utilised to store flood waters. Storage in ground water 
reservoirs can be provided with little loss of water by evapo-
ration. Optimum utilisation of ground water storage includes 
well-planned pumping from reservoirs during dry periods in 
order to create a storage capacity to be filled during the 
monsoon season. Ground water reservoirs like surface reservoirs 
are not utilised to best advantage if they are always kept full 
or nearly full. They should be depleted during dry periods to 
provide storage capacity for wet periods, V/ater spreading is 
done during the monsoon season when the demand for irrigation 
is low, and therefore the facilities for surface water storage 
and distribution can be utilised as an aid to spreading water 
without conflicting with irrigation. 
(2.4). LAND SHAPPING : 
Land l eve l l i ng or land shaping i s one of the most 
neglected items in i r r i g a t e d agr i cu l tu re at present in Ind ia , 
This r e s u l t s in considerable waste of water and also formation 
of pockets of water-logged a r ea s . Land shaping goes a long 
way ih minimising the water l o s s e s , through proper or even 
spread of water, land shaping helps in using the proper mode of 
app l i ca t ion of water-such as border i r r i g a t i o n , s t r i p i r r i g a t i o n 
and so on (Rege, 1969). 
Moreover, land shaping i s making a su i t ab le f i e l d surface 
to cont ro l the flow of water to check erosion and provide for 
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drainage. Land-shaping facilitates to improve the uniform 
water supply. It consists of levelling of the surface of 
each field to one or a series of plants. Levelling is usually 
limited to land which can be graded economically to slopes 
which do not ordinarily exceed 2 per cent. The depth of the 
top soil that can be disturbed without reducing productivity 
often limits the extent of levelling that is practicable, 
especially in shallow soils. Most soils which are deep can be 
brought into good productivity in one or two seasons by the 
use of proper fertilisation and soil management practices. 
Land levelling operations may be grouped into three 
phases, rough grading, land levelling and land smoothening. 
Rough grading is the removal of abrupt and low spots and filling 
gullies. Rough grading is followed by land levellihg, which 
reshapes the land surface to a planned grade. Land smoothening 
is the final operation in land levelling and consists of the 
removal of minor irrigelarities on the surface. 
Contour bench levelling is a method of preparing moderately 
steep land for efficient irrigation. The field is levelled in 
a series of contour benches, to minimise earth movement and 
reduce levelling costs. In contour benching the field is 
divided into a series of strips on the approximate contour, and 
each strip is levelled as an independent area. Thus a series 
of steps is formed in successive elevations around the slope. 
This method is most suitable in grading steep and undulating 
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fields where irrigation is often difficult or hazardous. It 
also controls erosion from rainfall. 
(2.5). WATER COiWEYANCE AND DISTRIBUTION; 
A properly designed water distribtuion system makes 
irrigation easy and efficient. Several types of structures are 
used to divert, convey and control irrigation water. Good 
irrigation structures are an essential part of an irrigation 
layout. Efficient structures save labour, land and water. 
Farm irrigation distribution systems are of two types, 
surface channels and underground pipelines. Facilities for the 
conveyance and control of irrigation water are different for 
each type. Field channels may be either unlined earth channels 
or lined channels. 
In India, farmers mostly depend on earth channels for 
conveying water to irrigate their fields. In permeable soils, 
like sand and sandy loam, seepage losses and percolation of 
water is as high as 10 to Uo per cent of water delivered to the 
channel. The loss by seepage is directly proportional to the 
length of the channel. Rats and other rodents burrow through the 
banks and bottom of unlined channels, which form a network of 
holes below ground surfr^ ce resulting in the loss of large quanti-
ties of irrigation water beside poor water control. Earth 
channels require continuous maintenance to control moss and 
weed growth and to repair damage by live stock, rodents or 
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erosion. Erosion in earth channels is a serious problom on 
steep slopes. 
Lining of channels minimise seepage loss, prevent 
erosion in the channel, provide safety against breaks, retard 
moss and weed growth and provide control against damage by-
rodents and burrowing animals linings are helpful in reducing 
the amount of land occupied by channels. Labour requirements 
for channel maintenance are substantially reduced. Concrete 
lining is the best, it provides as a water proof channel 
lining. 
Transverse contraction joints are used in concrete 
channel linings to control transverse cracking. Cracking 
results from shrinkage during volume changes caused by changes 
in temperature or moisture content. 
Substantial contributions have been made in developing 
easily adaptable techniques and materials for lining channels 
and building associated structures with precast concrete compo-
nent. Efficient water distribution systems on the farm helps 
in better production. 
Water control and diversion structures are necessary to 
give easy and effective control of irrigation water on the farm, 
Good control will reduce the labour required to irrigate and 
check erosion and water loss. Another very effective way of 
distributing water is by means of pipelines. This method has 
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many advantages, there are practically no losses due to 
evaporation or seepage it reduces maintenance works, water 
control is easier and makes it possible for water to be carried 
by gravity. They may be portable or permanent. The only dis-
advantage ol such pipelines is the very high cost of their 
installation, because of which they are relatively uncommon 
except in those areas where water is scarce and crops are 
valuable. 
From pipelines and ditches this water is carried to the 
fields by various methods. The most commonly used structures 
for these purposes are flumes, tunnels, drops and chutes and 
inverted siphons. 
Recently, fibre glass tubes with rubber plastic mix 
have also become quite popular and are being used in increasii : 
quantities to convey water to the fields. Most of the techno-
logically developed countries use these fibre glass tubes. 
They are flexible and lie flat when there is no water in them. 
They are easier to install and can be removed during the 
harvesting. 
(2.6). WATER APPLICATION METHODS; 
Irrigation water may be applied to the crops by three 
basic methods, surface irrigation method, sprinkler method and 
sub-surface irrigation. 
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(i). Surface Irrigation Method: 
In the surface methods of irrigation, water is 
applied directly to the soil surface from a channel located 
at the upper reach of the field. Water may be distributed to 
the crop in border strips, check basins or furrow. High 
water application efficiences may be obtained by these methods 
if the system is properly designed. 
The border method of irrigation makes use of parallel 
ridges to guide a sheet of flowing water as it moves down the 
slope. The border strip has little or no cross slopes but has 
a uniform gentle slope in the direction of irrigation. The 
essential feature of border irrigation is to provide an even 
surface over which the water can flow down the slope with a 
nearly uniform depth. Each strip is irrigated independently 
by turning in a stream of water at the upper end. The water 
spreads and flows down the strip in a sheet confined by the 
border ridges. A well defined border irrigation system provides 
for the application of sufficient water efficiently. To obtain 
the maximum water application efficiency, the water should remain 
on the surface for sufficiently long time to allow just the 
desired amount of water to infiltrate into tiie soil. This method 
is especially suited to forage crops, its advantage being that 
for a relatively low investment a system can be developed which 
can afford the highest irrigation efficiency and lowest labour 
requirements. With highly mechanised farming large areas can 
be irrigated within a short time by the border strip method. 
The check basin method of irrigation the most common 
method used in the area, it is especially advantageous in heavy 
soils with low infiltration capacity where water is to stand 
for a long period for the desired quantity of water to infil-
trate into the soil. Since water is supplied through large 
stream the method is more suitable for permeable soils which 
must be quickly covered with water in order to prevent excessive 
percolation losses. 
The check basin flooding is also adopted to orchards. 
The basins are formed for each tree. Water is supplied to t} -^ se 
basins through a supply ditch. In some cases, a number of 
basins are inter-connected. Portable pipes or large houses may 
also be used in pldce of ditches. 
The furrow method of irrigation is used in the irrigation 
of row crops with furrows developed betv/een the crop rnws in 
the planting and cultivating processes. The method is suitable 
for row crops like maize, ;5owar, sugarcane, groundnut, potatoes 
and vegetables. The size and shape of the furrow depends on 
the crop grown, equipment used and spacing between crop sows. 
There is usually one furrow between each row of crop. In this 
method only one half to one-fifth of the surface is wetted and 
thus evaporation losses are very much reduced. The dominating 
variables in fluencing the rate of flow in furrows are the 
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entrance stream size infiltration rate, size and shapes of 
wetted section of furrow, furrow slope and hydraulic resis-
tance. Furrows ai^ sometimes made before planting, at the 
time of planting or after plants have grown large enough are 
not to Ve covered up. Often young plants are irrigated by 
small furrov/s until a good root system is developed. There-
after the furrow is mode larger. 
The furrow irrigation has certain advantages. These are 
that in furrow irrigation evaporation losses are reduced. 
Labour requirements in land preparation and irrigation are 
very much reduced. There is no wastage of land in field 
ditch, 
(ii). Sub-surface Irrigation; 
In sub-surface i r r i g a t i o n water i s applied below 
the ground surface by maintaining an a r t i f i c i a l water t ab le a t 
some depth depending upon the s o i l t ex ture and the depth of the 
p lan t r o o t s . The favourable condi t ions for the sub-surface 
p r a c t i c e are ( i ) Impervious sub-so i l at reasonable depth. 
(2) Permeable s o i l such as loam or sandy loam in the root zone 
of the s o i l . (3) Uniform topographic condi t ions , (4) Moderate 
s lopes . (5) Good qual i ty i r r i g a t i o n water. 
If a l l these favourable condit ions are f u l f i l l e d and if 
proper precaut ions are taken to prevent a l k a l i accumulation or 
excess water- logging, the method r e s u l t s in economical use of 
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water, high crop yield and low labour cost in preparing the 
irrigation plots, water is supplied to a series of ditches 
half to one metre deep and 25 to 50 cm wide having vertical 
sides. These ditches are spaced from 50 to 100 metres apart. 
V/ater flows at a slow rate and seeps into the ground to 
maintain the water table at a height such that water from the 
capillary fringe is available to the crops. 
(iii). Sprinkler Irrigation; 
In sprinkler irrigation water is sprayed into 
the air through a sprinkler nozzle and allowed to fall on the 
land surface in a uniform pattern at a rate less than the 
infiltration rate of the soil. The sprinkler irrigation is 
gaining popularity on food crops, orchards, cotton and vegetables. 
It is however, not usually suitable in very fine textured soils, 
where the infiltration rates are less than 4 millimetre per 
hour. The method is particularly suited to sandy soils that 
have a high infiltration rate. The flexibility of the sprinkler 
equipment and its efficient control of water application makes 
this method adaptable to most topographic conditions without 
extensive land preparation. It is ideally suited for steep 
slopes or irv^ Tr. T^,,p topography. 
Sprinkler iri-igation is becoming increasingly popular 
in the areas where available water is insufficient to irrigate 
the command area by surface irrigation. In such regions by 
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adopting suitable cropping patterns, consisting of crops 
having high water requirements like wheat and those having 
low water requirement like mustard and gram a much higher 
area can be brought under irrigation. Sprinklers are also 
being used for irrigating high valued plantation crops like 
tea, coffee, cardamom and orchards. On the basis of the 
arrangement Cor spraying irrigation water, sprinkler systems 
are classified into two types one is the rotating head type 
and the other perforated pipe system. 
A sprinkler irrigation system, to suit the conditions 
of a particular site is specially designed in order to achieve 
high efficiencies in its performance and economy. It also 
increases the use of improved agricultural machinery for better 
output. Sprinkler systems come in all shapes, sizes and kinds. 
Small portable rotating heads such as are used in home gardening 
are often employed agriculturally. The sprinkler system though 
having many advantages and high efficiency have two disadvan-
tages that is their high cost and plugging of the nozzles by 
debris in the water. 
The newest method of watering is drip irrigation. It is 
the frequent slow application of dripping water to soil through 
small out lets located along small 1.3 to 2.5 cm diameter 
plastic delivery lines. The application rate is so slow often 
less than 3,7 litres/hour per emitter that surface water flow 
is almost nill. Water movement is by saturated or unsaturated 
flow. 
Drip irrigation costs are only 50 - 75 per cent of some 
sprinkler systems, labour cost is low. Drip irrigation is 
adaptable to very steep hills. Drip systems conserve v/ater 
because of lower distribution and evaporation losses. Drip 
irrigation is not without problem. The small emitters plug 
easily, so careful filtering at the water source is essential 
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CHAPTER 
REVIEW OF LITERATURE 
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Water is the most important substance that is necessary 
for life. It is universally present and has remained unchanged 
in amount and in character over millions of years. The dist-
ribution of vegetation over the surface of the earth is controlled 
more by the availability of water than by any other single 
factor. 
The earth is estimated to have about 1359 million cubic 
kilometers of water with 97.22 per cent of it contained in 
oceans, 2.15 per cent in glaciers and icebergs and about 0.03 
per cent of it cii'culnted annually by precipitation, evapora-
tion, and evaporation. This 0.03 per cent is the critical 
amount that includes snow and rain flowing surface water, under-
ground recharge water and atmospheric evaporative water vapour. 
This water is used for agricultural, industrial and culinary 
purposes. There are various study groups v/hich have carried 
investigations and experiments or different aspects of water 
resources. 
Leopold and Haddock (195^), in an American flood control 
controversy, debated that there is interaction between catchment 
and channel management. The relative merits of flood protection 
by down stream channel phai:;e management in areas subjected to 
flooding, by-dyking, channelizing and building large dams, flood 
abatement by up-stream land phase management, reduction of 
run off by small head water reservoir and land use control are 
essential to protect the water resources. It wos also realized 
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that water resource development requires multipurpose planning 
at the catchment scale. Various complementry and conflicting 
objectives include water supply, power generation, irrigation, 
flood control and pollution abatement, the optimum mix of 
which depends on specific local needs, benefits and costs and 
the necessity to conserve wild life, landscape, aesthetics and 
recreational facilities. 
Linsley and Franzini (l964), in their volume "Water 
Resources Engineering" present the basic physical system and 
survey of the available structural measures for engineered 
water resources development. Moreover, it is analysed that 
how water resource systems may be designed to function together 
as a whole to better achieve specific objectives, 
Zimmerman (1966) emphasised on Irrigation engineering. 
He attempted to show that how sound and profitable irrigation 
can be developed. He considered an integrated approach to 
irrigation because no irrigation scheme can be expected to give 
economic returns unless the whole range of operations from 
drawing board to crop sale is considered and fully integrated. 
Therefore, the development projects built according to modern 
technique should be based on the initial investigation for 
detail planning and design, emphasis should be on the subjects 
such as proper irrigation not-work, the actual application of 
water and the development of local v/ater resources including 
sewage reclamation and reuse of irrigation waters. 
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Penman (1967) s t a t ed , that under given c l imat ic 
condi t ions the da i ly water requirements of a l l crops and 
p l an t s wi l l be much the same. Water i s usually a scarce 
f ac to r , so as far as poss ib le i r r i g a t e d lands should be used 
for those crops which give the highest economic value of per 
day of growing season. 
Prashar (1968), in h is a r t i c l e has come out with the 
concept of maximum and e f f i c i en t use of water for the a g r i c u l -
t u r a l f i e l d s having l imited and scares water supply. The 
concept of water use eff ic iency iias to be considered from 
water and y ie ld r e l a t i o n under which i t i s obtained. At a 
farm l e v e l , problem i s of a l loca t ing water to d i f fe ren t crops 
spec i a l l y when water supply i s sub-normal for most of the 
perennia l c rops . Long durat ion crops have to be c^iven a 
maximum quant i ty of water to p ro tec t the crop. In case of 
annual crops, p r i o r i t y may be fixed on the basis of crop growth 
in r e l a t i o n to i t s water needs. Ava i l ab i l i ty of information on 
the deduction of yield of a crop for a given reduction in water 
supply would be of major help in f ixing the p r i o r i t y , 
Rege (1969) in h is work s t a t e s tha t the modern concept 
of i r r i g a t i o n water mamgement does not stop with the supply 
of water only but i t involves the appl ica t ion of the knowledge 
of s o i l - w a t e r - p l a n t - r e l a t i o n s h i p s obtain optimum benef i t s out 
of s o i l and water . The U.S. s o i l conservat ion service defines 
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water management as the use and management of i r r i g a t i o n 
water, where the quant i ty used for each i r r i g a t i o n is d e t e r -
mined by the water holding capaci ty of the s o i l and the need 
of the crops. 
Clark (1970) concluded tha t i r r i g a t i o n schemes must be 
judged on t h e i r d i r e c t economic cost and re turns and tha t not 
a l l i r r i g a t i o n i s uneconomic i r r i g a t i o n . V/ells have proved 
to be economic for a number of crops so long as the well i s 
not too deep and as long as power pumping i s p o s s i b l e . The 
l i f t i n g of water by man and bullock labour i s uneconomic even 
and Indian condi t ions . Small dams if careful ly designed, 
usual ly prove economic, but the economic r e s u l t from la rge 
dams which can supply water and generate power are extremely 
v a r i a b l e . 
Dakshinamurti (1973), attempts to bring toge ther the 
ava i lab le information on water resources of India and project 
the need and p o s s i b i l i t i e s for obtaining infcreased eff iciency 
i n t he i r u t i l i s a t i o n . Available information on the occurrence 
development and use of surface and around water has also been 
d iscussed . I t also deals with a meaningful i n t e r a c t i o n between 
so i l -wa te r -p l an t and environment, influence of c l imate , s o i l 
and crop manaij,cment p rac t i ces in increas ing water use e f f ic iency , 
conservat ion methods for both surface and ground waters and 
also the methods of i r r i g a t i o n as well as methods of increas ing 
the eff ic iency in water conveyance and d i s t r i b u t i o n . Stress 
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has also been laid on the water resource potential and 
increa>sing the efficiency of water management on the farms. 
Hiran (1974), in his article on reclaimation and reuti-
lization of waste water in North Central Texas, laid stress on 
the potential means for increasing the total water resources 
of the area. Although supplies of fresh water are generally-
adequate for present uses, additional imported water will 
probably be needed by about 1990. Waste water disposal by a 
combination of soil in-filtration and cvapo-transpiration have 
been found better than disposal through centralized sewerage 
systems, because the first alternative returns waste water 
nutrients where they belong, rather than discharge the pollu-
tants v/here they cause damage through o'^ -^ o^^ viication of lakes 
and rivers. It was also observed that purifying effects 
increase with the distance which the wastel^  water has to 
penetrate. Both vertical and horizontal seepage are valuable 
for purification, 
Myalkar (1976), realized that ground water plays an 
important role in increasing the agricultural productivity. 
Water is life. This is especially so in a predominantly agri-
cultui-nl country like India. Agriculture in this country is 
fast developing into a major industry. One of the main problems 
of Indian agriculture is scarcity of water in many parts. 
Although there is sufficient water available in the country, 
much of it is under/jround water. The Central Ground riator 
Board is playing a major role in the discovery of under ground 
57 
water which can be utilised for agricultural purposes. 
Rao's (1979), main objective of the study was to draw 
attention to the limited quantity of water that India posses. 
It is considered that India has vast water resources. Most 
of the Brahamputra water is not being used. Moreover, it is 
difficult even to exploit waters of Ganga and other minor 
rivers substantially unless surface storages are developed. 
The need of water is growing in various fields. There is an 
urgent need to supply water in the various fields, especial]y 
in the use of agriculture in the next two decades in order 
to increase the crop production. The precious water of India 
has therefore, to be exploited quickly and wisely and at the 
same time protected against pollution and wasteful uses. 
Varshney (1979), emphasizes the role of water management 
planning and engineering. The most important things at which 
the author points are the fundamental principles which are 
basic to each branch of irrigation engineering vis canal, 
river, tube-well and dam designs and secondly to demonstrate 
the practical applications of these principles. He also stated 
that there are different methods of irrigation applications 
and he also suggested the measures adopted to remove the ill 
effects of these methods. Moreover, a clear concept of crop, 
plants and their water requirement is also discussed. 
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Richards (1982), laid emphasis on watershed management. 
Optimal water resource development must often balance water 
and power supply with flood alleviation, navigation, recreation 
and conservation which together necessitate planning at the 
catchment scale. 
Mitchell (1985), in his article has laid emphasis on the 
integrated water management, which may be interpreted in a 
variety of ways. In simplest terms water management usually 
implies, "The sharing and co-ordination of the values and 
inputs of a broad range of agencies, public and other interests 
when conceising, designing and implementing policies, programmes 
or irrigation projects." Normally four attributes must be 
included if water management is to be achieved. Firstly,a combi-
nation of purposes, means and participants sliould be included, 
the most desirable strategy is the one which incorporates 
multiple purposes such as power production, irrigation, flood 
damage reduction etc., and must be managed by both private and 
public sectors. Secondly, a joint consideration of water and 
associated land-based resources. Thirdly, a recognition that 
water management is a means to an end, being to improve the 
quality of life of the people and not an end in itself. 
Fourthly, an acknowledgement of the need for a mechanism to 
facilitate negotiation and compromise. 
Arakeri (1907), discusses about the scientific principles 
as well as technological advances made in soil and v/ater 
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management, that efficient mana^ e^ment of these resources is 
necessary for the survival of plant and human life. Moreover, 
ho also deals with the necessity of irrigation on arid and 
serai-arid soils for growing most of the useful crops. Irriga-
tion water is an expensive input. Efficiency of water use, 
therefore, becomes a critical factor in determining cost of 
production of various crops. Special irrigation techniques 
must be used in order to get optimum returns from the crops. 
Donahue (1987), discusses about the water resources, 
quality and irrigation in the devolopment of plants. Irrigation 
systems should be operated with knowledge of the irrigation 
water equality and of various methods for applying water. He 
also suggests that salt content, proportion of sodium and its 
boron content, are the most important criteria to consider 
when determining irrigation water suitability. Use of ground 
waters had made possible to increase the irrigated land areas 
in United States. 
Barrow (19B7), attempts to provide a broad interdiscipli-
nary introduction of tropical agriculture and water resource 
systems and that how can they be managed. He also deals 
with the technology and practice of water resources and agri-
cultural development in the tropics, concentrating on where 
water may be obtained, where savings might be made or moisture 
better used. Irrigation methods especially those which are 
adopted by farmers in developing countries, and the problems 
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associated with v^ater supply, conveyance, application and 
disposal are considered. He also makes clear that the d i f f i -
cu l t i e s associated with developing agriculture and water 
resources in the t ropics , are to some extent obstructive 
bureaucratic systems and social a t t i tudes , economic problems 
and human in s t i t u t i ons . Besides environmental and technologi-
cal d i f f icu l t ies tooplay a major ro le . 
PART TWO: INVESTIGATION AND RESULTS 
CHAPTER - 4 
WESTERN UTTAR PRADESH: STUDY AREA 
!3c:ais i=s=:=3: 
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V/estern Uttar Pradesh is the most developed and pros-
perous region of the state of Uttar Pradesh. It occupies the 
fertile north-western portion of the Upper Ganga plain which 
is well endowed with water resources and good climatic conditions 
which has favoured agricul.tural development. It is also the 
most developed agricultural region of the state (Singh 1987). 
o ' Western Uttar Pradesh lies approximately betv/een 26 20 N to \ 
29° 45' N latitudes and 77° E to 80° E longitudes. The study 
area covers an area of about 61,763 sq. kms. and holds a popu-
lation of about 30,276 thousands (census of India 1981). The 
whole of Western Uttar Pradesh comprises of nineteen districts, 
but the five districts coming under the sub-Himalayan v/est has 
been excluded, only fourteen districts coming in the west plains 
have been taken, these are the districts of Muzaffarnagar, 
Meerut, Ghaziabad, Bulandshahar, Aligarh, Mathura, Agra, Mainpuri, 
Etah, Badaun, Shahjahanpur, Moradabad, Farrukhabad and Etav/ah 
(Fig. D.JN/ 
V/estern Uttar Pradesh, markedly differs in physical 
features, soil and economic characteristics from the northern, 
southern and eastoi-n bordering regions but it is devoid of any 
such limits on the west and east. The problem of delimiting 
the boundai-y is relatively more intricate in the cast. The 
limit drawn by Stamp (194A) and later adopted by Spate (1954) 
roughly corresponds with 100 cm isohyet in his six fold division 
of the plains from lower Indus valley to tiie Brahamputra valley. 
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v/hich may be taken into cons idera t ion . However, the eas te rn 
boundry of the study area i s roughly coinciding with 120 cm 
isohyet . , J 
From Delhi, on the north-west , there i s gradual increase 
i n p r e c i p i t a t i o n as one goes towards the east down the Ganga 
p l a i n . The climate . is thus damper and at the same time l e s s 
extreme than in the Punjab. The region l i e s betv/een the Sub-
Himalayan s t r i p in the north and the slope of the Central Indian 
Foreland, which begins j u s t to the south of the Yamuna r i v e r , 
in the south, Delhi i s only 220 metres above sea leve l and h i l l 
l e s s p la in slopes imperceptibly towards the e a s t . Obliquely 
across i t from north-west to southr-east flows the Ganga, near 
the western and southern boundry i s the Yamuna. Nearly half 
of the region l i e s in tiie doab between the Ganga and the Yamuna. 
Tne Geograpnical fac tors such as geological s t r u c t u r e , 
r e l i e f , slope of the land, qua l i ty of s o i l s and the c l imat ic 
condi t ions exert influence and control oyer water sources . The 
e n t i r e d i s t r i b u t i o n a l system of water follows tlie t e r r a i n and 
the slope of the land. The amount and durat ion of avai lable 
surface water depends on c l imat ic condit ions of the region. 
Types of rockn over v/liich the I r r i g a t i o n water Hows mostly 
deLemine i t s q u a l i t y . The physical and chemical cha rac te r -
i s t i c s of s o i l s d i r e c t l y or i n d i r e c t l y governs the p rac t i ces 
as V/G11 as the number of appl ica t ion of i r r i g a t i o n . In th i s 
content i t i s relevant to present a brief account of the 
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physica l environment of the study area . 
( 4 . 1 ) . PHYSICAL ?dA'L\]RZ2: 
Western Ut tar Pradesh s t r u c t u r a l l y i s a par t of the 
Indo-Gangetic p l a i n . I t l i e s between the peninsular India in 
the south-and the recent ly b u i l t Himalayan mountains in the 
n o r t h . The great Gant'^etic p l a in i s one of the most important 
p la in and has been bu i l t up by the depos i t s brought by the 
Ganga, the Yamuna and t h e i r t r i b u t a r i e s . There are several 
outstanding features of t h i s amazing area . One i s the dead 
f la tness of the p l a i n , not a h i l l or a mound to break the 
monotony of the l eve l surface, v/ith a slope of l e s s than 10ra/km 
(Fig 4 . 2 ) . So gent le i s the seaward slope tha t i t is imper-
cep t ib l e to the eye. The region l i e s at an e levat ion of 
150 - 300 metres above the mean s e a - l e v e l . These mountains 
g rea t ly influence the hydrology of the r i v e r s which flow from 
them towards t h i s p l a i n . The l eve l sui'face of the p la in 
commanded and t raversed by the g lac ia l - f^d perennial r i v e r s 
o f fe rs ever^y f a c i l i t y for the cons t ruct ion of great cana l s . 
The absence of any marked surface i r r e g u l a r i t y fu r ther permits 
the r a ins to sink in to ground, while percola t ion from major 
r i v e r s and the i r t r ibu t - i r ios also cont r ibu te to maintain the 
subsoi l water tab le at l eve l which can be e a s i l y tapped 
(V/illiarason, 1925). The th i rd feature of note i s the immense 
th ickness , enormous width and uniform c h a r a c t e r i s t i c of the 
alluvium which forms the subsoi l of the p l a i n . 
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There are several theories regarding the origin of 
Indo-Gangetic plain. According to Suess, an Austrian Geologist, 
it was a foredeop formed in front of the resistant mass of the 
peninsula after the Tethiyan sediments were thrust southwards 
and compressed against them resulting in the Himalayan chain. 
According to Burrard, the plains represent a rift valley formed 
by parallel faults on either side. More recent view, regards 
the region as a sag in the crust formed between the north 
west dyting Indian continent and comparatively soft sediments 
accumulated in the Tethyan basin when the latter crumpled up 
and lifted up into a mountain system (Krishnan^1982). 
A general accepted view about the origin of the Ganga 
plain is that, it has been formed by the trickling down of 
the northern border of the peninsular shield between the sedi-
ments thrust over it from the north, whatever may be the cause 
v/hich gave birth to the trough, but once, it was formed, the 
depression was filled up with sediments brought by rivers 
flowing from the Himalayas and the peninsular CSharma and 
Countino, 1980). About the period of its origin it is said 
that the Indo-Gangetic depression must have been formed in the 
latter stages of the Himalayan orogeny (Krlshnan, 1982). The 
Indo-Gangetic plain drained by the Ganga, Yamuna and its tribu-
taries deposit a Inrgo amount of alluvium in Lhis region. 
These alluvial deposits, geologically could be sub-divided into 
two i.e., the Khadar and the Bhangar, Khadar is the newer 
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alluvium in which occurs f o s s i l s and are confined to the 
t e r r a c e s and flood p la ins of the big r i v e r s . The Bhangar i s 
the older alluvium v/hich contains fo s s i l i f e rous remains and 
occupies higher l ands . 
The p le i s tocene and recent deposi ts covering t h i s basin 
are upto 1,000 metres th ick . The rocks are every where of 
f l u v i a t i l e and sub-aer ia l formation massive beds of c lay , 
e i t h e r sand or calcareous corresponding to s i l t s , mud and sand 
of the modern r i v e r s . The sands and gravels c o n s t i t u t e aquifers , 
The subsoil of the p la in cons is t usual ly of a l t e r n a t i v e l ayers 
of sand and clay to an unknown depth and the water re ta in ing 
power are g rea te r or l e s s e r according as one or the o ther 
predominates. In general i t responds to i r r i g a t i o n . The 
importance of clay in the Gangetic alluvium cannot be over 
est imated. I t occurs in beds which l i e at varying depths, 
forming i s lands of sea of sand depos i t s . 
These p la ins are an immense r e se rvo i r of fresh sweet 
water s tored in the more porous coarser s t r a t a , beneath the 
l eve l of s a tu r a t i on , which i s eas i ly access ib le by means of 
ordinary borings in the form of we l l s . The deep borings tha t 
have been made have given proof of the prevalence of a r t es ion 
condi t ions in some pa r t s of the p l a i n s . A considerable amount 
of success has resu l ted in tube-well boring experiments in the 
p l a in s at many p laces , wells of la rge ca l ib re and of a depth 
of 60 - 120 metres are supplying water for a g r i c u l t u r a l use 
G« 
i n lands unprotected by i r r i g a t i o n . Throughout the Ganga 
p l a i n , the absence of any great i r r e g u l a r i t y of surface enables 
the main canal of a system to be brought to the back bone of 
the doab with a minimum of expenditure from where branches 
has been taken off. The extensive p l a i n s , support enormous 
a g r i c u l t u r a l population and they are the most productive p la ins 
of Uttar Pradesh, The Indo-Gangetic p la in i s f e r t i l e with 
much i r r i g a t i o n f a c i l i t i e s and most of the food crops are 
cu l t iva t ed here . 
( 4 . 2 ) . DRAINAGE: 
Western Uttar Pradesh has a vast reservoir of surface 
and underground v/aters. Being a part of alluvial plains of 
Uttar Pradesh, it is drained by perennial rivers of the Ganga 
system (Fig. 4.3), which provides every facility for the develop-
ment and construction of canals. Apart from the surface 
drainage the plain has an immense reservoir of fresh sweet waxer, 
stored in the more porous, coarser strata, beneath the level of 
saturation v/hich is easily accessible by means of ordinary 
borings (Wadia, 1976). 
The basic source of surface water is precipitation in 
the form of rainfall or snov/foll. Run off from precipitation 
drains through streams and rivers or collects on surface 
(Dalcshinamurti, 1973). Run off water from streams and rivers 
is utilized for irrigation purposes by storing in reservoir or 
r.;) 
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directly diverting through canal system. This region is 
drained, by the Gang a, the Yamuna, the Hamganga and several 
tributaries (Fig, A,3). These are perennial rivers origi-
nating frxDm the HimaHayas. They do not depend for their 
v/ater entirely on the monsoon rains. They are also fed by 
the molting of the snow of the Himalayas. y\lthough the 
volume fluctuates enormously, tliese rivers are never dry. 
They yield a supply of fresh water which though fluctuates, 
can be guagod and used for irrigation. Several canal systems 
have been developed by diverting their water. Thus the level 
surface of the plain commanded and traversed by the glacial 
fed rivers offer every facility for the construction of canal-;. 
The Ganga river is the most important main river of the 
west plain. The Yamuna itself is a major tributary of the 
Ganga. Other tributaries are Burdmar, Chhoiya, Sarju, Sarda 
etc., which drain into this region. The upper and the lower 
Ganga canal takes its v/ater from the Ganga, 
The Yamuna, second important river of this region joins 
Ganga at Allahabad and forms the western boundary of many 
districts of Western Uttar Pradesh, The course of the river 
is quite Irregular, The tributaries of river Yamuna are the 
Ilindon, Karwan, Rind, Chambal, Sengar, Slrsa and Utangan. The 
Eastern Yamuna and Agra canal takes its water from the Yamuna. 
The Ramganga, is a tributary of the Ganga, but is consi-
dered as the third river of this region. Some of its tributaries 
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are the Aril, Dhela, Dhadi etc. 
The aspect of the land is that of an unbroken flat and 
it "spreads like a green sea". This dead flatness makes the 
rivers flow slowly, thus providing great fertility to the 
plains by the alluvial deposits and affording facilities for 
irrigation channels by the surface waters, 
(4,3). CLIMATE; 
Climate is one of the most important fpxtors governing 
and controlling the activities of man, soils natural vegetation 
etc. On account of the uniformity of relief there is a remark-
able uniformity of climate over larger area of V/estern Uttar 
Pradesh, It is a semi-arid and sub-humid region lying between 
the dry Punjab and humid eastern plains of eastern Uttar Pradesh 
within the vast monsoonal regime of the Great plains and thus 
naturally takes the characteristics of two adjoining regions. 
The maximum summer temperature varies between 43°C to 
45 C during the summer months of May and June, while the minimum 
temperature during winter ranges between 3°C to 4°C with 4 to 5 
centimeters of rainfall and 90 per cent of total rainfall 
occurs during rainy season. Irrigation therefore is necessary 
for the growing of second Kharif crop during the summers, for 
the growing of rabi crops during winters and it is desirable 
even in the rainy season to counter the effect of short dry 
spell. 
7'^  
From climatolocical point of view, the year of V.'estern 
Uttar Pradesh can be divided into three seasons; 
i), The Hot Weather season (March to Mid June), 
ii). The season of Rains or Monsoons (Mid June to Oct.) 
iii). The Cold weather season (Dec. to Feb.), 
The Hot Weather season extends over the months of March, 
April, May and first half of June. The temperature starts 
rising gradually from February but from early March it starts 
rising rapidly and continues rising till May and June (Max. 
temp, over 41 C) unless choked by incursion of more humid 
easterlies though the precipitation does not materialise by this 
time, the maximum temperature recorded at Meerut is 40°C, while 
further south at Aligarh and Mainpuri the maximum temperature 
rises to 41°C (Shofi, 1968), The scorching effect of the "loo" 
are aggravated due to lower relative humidity (below 40 per cent), 
the Himalayas undoubtedly exert their influence as the maximum 
May temperatures remain well below 40°C at Meerut where as it 
« 
cronaes Its limit in southern part (Agra) which is situated 
near the Rajasthan desert. The pre-monsoon showers are meagre 
less than 5 per cent and the share in the average rainfall 
ranges not beyond 5 per cent. Thus, the low relative humidity 
and meagre rainfall accentuates the impact of loo which is 
associated with hot waves when temperatures shoot up exceptionally. 
The season of rains, normally commences in second week 
of June, The approaching monsoon brings a great change in the 
7.'^  
weather conditions of the entire area. It brings relief to 
the people by lowering dov/n the temperature gradually which 
ranges between 30°C and 40°C during June to October. The 
relative humidity remains over 70 per cent throughout the 
rainy season except in the month of June when it is below 
50 per cent. The rainy months account for over 90 per cent 
of the total annual rainfall. The amount of rainfall decreases 
westv/ard as well as southward occasionally, the dying depressions 
are revilatised by the Arabian sea currents in the western part 
of the region. July and August are the rainiest months of the 
year and accounts for about 55 per cent of the total amount 
of annual rainfall. On account of the high cloudiness the mean 
maximum temperature decreases. The relative humidity increases. 
Agricultural activities are much dependent upon the onset, 
withdrawl, breakdown and nature of dovmpour. Though the amount 
of rainfall received by the region during the rainy season is 
sufficient for crop production but due to its unfavourable 
time as it does not occur during growing'time and uneven distri-
bution, major part of the rainfall, occurs during the months 
of July and August, for higher yields the farmers have to depend 
on irrigation. Agriculture in areas with under 100 cms of 
rainfall is practically entirely dependent on irrigation, while 
areas receiving 100 cms or more rainfall '''er year it is possibl 
to raise one crop during the monsoons. The Ivharif crop suffers 
from drought or flooding. Therefore the crops require irrigation. 
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Thus the crucial months for agriculture are July axid August 
and the fate of rainfed kharif crpp largely depends upon the 
amount and distribution of rains during these two months. The 
existence of such climatic conditions has, since ancient time 
necessitated the use and development of irrigation for higher 
crop production. 
Soon after rains, the winter conditions settles in^which 
is marked by further fall in temperature and prevalence of 
dry and chilly westerlies, occasioned by the western depressions 
associated with welcome rains, cold waves and registering temp-
eratures below freezing point at certain places. The average 
temperature is lowest in January (below 20°C) which specially 
decreases west and north west. The incidence of winter rains 
in this region is relatively more than the eastern part of Uttar 
Pradesh (3.4 per cent) but less, than the Punjab plains (11.9 
per cent). The frost, wiiich is locally known as Pal a and hail 
occurs sometime during the winter. Fog also frequently occurs 
in this region which makes the presence of Mediterranean depre-
ssions. During the months of January and February a series of 
western depressions enters India through Iran, Afghanistan 
and Pakistan and moves east wards across the western Uttar 
Pradesh. These depressions cause cloudy weather and light rain 
accompanied by cold waves. 
The total amount of rainfall during the winter season 
does not exceed 4 to 5 cms. The precipitation decreases from 
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west to east . The winter ra ins , though small in amount are 
of great importance to the rabi crx5ps of th is region. The 
amount of ra infa l l is not sufficient for rabi crops especially 
for the high yielding variety of wheat which requires five 
to six i r r iga t ions . Therefore, there is need for greater 
protection owing to less rel iable winter ra ins , under these 
conditions i r r iga t ion is a must. 
(4 .4 ) . SOILS; 
Soils constitutes the natural medium which supports the 
growth of plants on the earth surface. Soil formation is a 
very slow but ceaseless process. The climate particularly 
the rainfall acting over a long period of time, is the most 
important factor responsible for successive changes in the soil 
development. Soil is the main resource of the farmer as well 
as the primary source of the people of V/estern Uttar Pradesh 
as the region is an agricultural region. It is therefore, 
very necessary that this resource is maintained and passed on 
from generation to generation. The best way to keep soil at 
place is to allow it to be covered and protected by natural 
vegetation of trees or grasses. 
Broadly speaking, the soils of Western Uttar Pradesh 
are of alluvial origin and have resulted from the deposition 
of the silt brought by the rivers and tributaries of the Ganga 
system. Geologically, these soils could be grouped under three 
/ i) 
categories (Fig. 4.4). 
1), Khadar, 
2). BhcUigar. 
3). Tarai. 
The Khadar consists of coarse gravel near the hills, 
sandy clay and sandy along the courses of rivers and line silt, 
in the level parts of the plain. The bhangar soils is represented 
by level plains above the flood level of the rivers and their 
distributaries. The tarai soils cover only a small area to 
the north east of Ramgnnga which is adjacent to the tarai of 
Nainital. These soils differ considerably in their texture 
and ranges from sandy bhur through loam and silt to heavy clay 
which are ill drained nad some times charged with injurious 
salt resulting into the formation of reh. 
1). Khadar Soils: 
Khadar soils are markedly sandy on either side of 
the rivers but farther away the soil changes. They are always 
exposed to flood and water logging. The tracts remain covered 
with silty or sandy deposits year after year as a result of 
flooding of the region. The colour of the soil varies from 
light grey to ash grey and texture is sandy to silty loam, the 
ground water table is very high and lies near the surface. The 
sandy soil locally known as bhur, for the most part consists 
of sand of v/hitish colour. The khadar tracts are quite precarious 
*v-
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for agriculture. Its most retention capacity is very poor. 
It is generally used for the production of millets and pulses 
in Kharif and barley and gram in rabi. Salt efflorescence is 
quite negligible in sandy tracts (Agarwal, 1952). 
2). Bhangar Soils; 
On the basis of texture the bhangar soils have been 
further sub-divided and discussed. 
i). Sandy Soils (Bhur); 
On the bhangar l ands , the bhur has an unusual 
geomorphic feature that adds a var ie ty to the ra ther monotonous 
landscape. I t s sand ridges with p la t topped and gent le l a t e r a l 
slopes extend into Moradabad from north-west to south-east and 
are ]X)ughly p a r a l l e l to Ganga. I t extends up to Badaun d i s t r i c t 
only, but there i s no bhur area in Shahjahanpur d i s t r i c t . I t 
i s poor in humus content . This i s due to the fact that t h i s 
s o i l has undergone several s tages and degrees of oxidat ion 
(Gerassinev, 1958). 
i i ) . Sandy Loam; 
Sandy loams are mostly composed of an mixture of 
sand and loam, where loam consist of sand and clay particles. 
These soils occupy a considerable portion of a generally well 
drained plain. \/ith regard to the distribution of the sondy 
loam soils, the tract comprising of sandy loam stretches in 
elongated strips along the main river. As the Ganga and Yamuna 
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run just in the immediate vicinity of khadar lands, these 
long patches are well-defined along the Yamuna. The greatest 
v/idth of this tract is seen in Aligarh, Agra and Mathura 
districts of the doab region. 
The sandy loam tract, along the Ganga is rather broad in 
upper region in Meerut, Muzaffarnagar, Bulandshahar and in 
part of Aligarh district. It is interrupted by a long patch 
of good quality loam chiefly in Etah and Farrukhabad districts. 
The sandy loam belt in Badaun and Moradabad stretches largely 
on both eastern and western side of the bhur belt as well aS' 
the north south of it. The most characteristic feature of this 
soil is its homogenity and level topography throughout the area, 
the presence of sandy ridges, reach upto a height of 3 to 9 
metre in the form of dunes, which are found in this tract 
(Mukerji, 1953). The texture of these soils is predominantly 
sandy and its colour ranges from yellow through brown to reduish 
brown. The humus content is lesser than loamy soil. 
Without irrigation and manuring it is weak in crop 
production. The water holding capacity is generally low, most 
of sandy loam tracts have a comparatively heavier sub-soil and 
and retains a larger quantity of water. The lime percentage 
is almost every where low, being acidic in reaction it is 
devoid of salt, the iron nodules are found in the sub-soil 
almost every where. These soils are generally poor in organic 
matter and totally lack in nitrogen. 
hi) 
lii). Loamy Soils; 
Lonmy soHs are locally knovm by different names 
in different parts of the ref^ ion as matlyar, do mat and kelihar 
etc. These soils lie in dis-connected patches. One elongated 
patch of loamy soil run more or less parallel to the Kalinadi 
passing through Aligarh, Etah and Farrukhabad districts. 
Another important tract of this soil runs through Mathura and 
Agra in the western side of Yamuna, third tract runs through 
Moradabad and Badaun districts. It also covers some area 
in Shahjahanpur district. These soils are interrupted by 
saline soils specially in the depressed areas. Some sandy 
ridges are also found in peripheral parts of this tract. It 
is the best soil in the region. It is mostly rich in humus 
and organic matter. In fertility no other soil can compete 
it. The colour ran^ e^s from light grey to brownish grey on the 
surface and depends on the amount of clay, iron oxide and humus 
present in it. The surface soils having more sands show light 
acidic in reaction, with PH value not mdre than 7. «Vhile on 
the other hand, at places where the percentage of clay increases 
the reaction is basic and mostly the surface is covered with 
efflorenscences. In many depressed area the percentage of clay 
increases towards the lower depth, with the result that Kankar 
pans are found in the bottom (Ray Chaudhry, Agarwal, 1963)• 
iv). Clayey Loam; 
Clayey loams occur in the lov/-lying area where 
JllLlil '^ '^ '' lakes arc common feature and the drainage i s very 
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restricted. One tract of this soil type is found between the 
Rind and Sengar nadi, second is found in both east and west 
of Ramganga in Badaun, Shahjahanpur and Moradabad districts. 
It is also found in the western most part of Mathura and Agra 
districts. The soil is darker in colour, calcareous pans are 
also found some times on the sub-soil. The tract of clayey-
loan soil is also known at places as Bankati, denoting that 
it was forest area in the past. 
v). Clayey Soil: 
The clayey soil is grey to black in colour and 
exists in patches in between river Yamuna and Chambal. This 
soil is most suitable for the cultivation of transplanted rice, 
This soil is generally characterised by salt efflorescence at 
the surface wherever the salt occui^ s in large portions the 
land is not used for cultivation. 
vi). Silty Loam: 
It is slightly different from the loamy soils of 
the region. It is mor*-.- fertile due to the silt in upper layer. 
It is found disperse .I in Upper in(:erfluvial plain of the Ganga-
Ramganga doab. 
3). Tarai Soils; 
Tarai so i l s are found in Thakurwala t e h s i l and 
Bhagalpur, Tanda blocks of Moradabad d i s t r i c t s . The tex ture 
of s o i l var ies from clay-loam to sandy loam. Due to excel lent 
?/d 
m o i s t u r e i n s o i l t he need of i r r i g a t i o n i s l e s s in t a r a i s o i l s . 
The su r face s o i l i s r i c h i n o rgan ic ma t t e r as we l l as i n n i t r o gen 
c o n t e n t but poor i n phosphate and p o t a s h . 
SALINE AND ALKALI SOILS; 
I n Western U t t a r Pradesh v a s t s t r e t c h e s of s a l i n e and 
A l k a l i l a n d s p o p u l a r l y known as j ' e h . u s a r . k e l l a r o r t h u r a r e 
g e n e r a l l y d i s t r i b u t e d in p a t c h e s i n the low l y i n g and i l l -
d r a i n e d a r e a s . More o r l e s s such s o i l s a re found i n every 
d i s t r i c t of Western U t t a r Pradesh , bu t i n A l iga rh , Mainpur i , 
Etawah d i s t r i c t i t covers v a s t a r e a s . These s o i l s a l so occur 
i n p a t c h e s i n Meerut, Bulandsh^har , Mathura and Farrukhabad. 
These s o i l s a r e not f i t fo r a g r i c u l t u r a l a c t i v i t i e s . After 
r e c l a m a t i o n r i c e can be produced on t h e s e s o i l s . 
* * • « • * • * 
CHAPTER - 5 
AVAILABILITY OF WATER FROM DIFFERENT PARAMETERS 
IN 
WESTERN UTTAR PRADESH 
8:i 
V/ater i s one of the primary inputs of modern ag r i cu l tu re 
so a complete assessment should be made of the avai lable surface 
and ground water at Liie d i s t r i c t leve l in order to ensure tha t 
the re was g rea t e s t econ^y in use of water. The problems of 
water management in India a r i s e bas ica l ly from the circumstances 
t h a t although the t o t a l annual p r e c i p i t a t i o n i s la rge enough 
to place the en t i r e land surface under v/ater to a depth of over 
one meter, i t i s not spread evenly e i t h e r in terms of space or 
t ime. This makes i t . necessary to conserve as much v/ater as 
poss ib le for use during the long dry season. 
In the present chapter an attempt has been made to aGi;ess 
the a v a i l a b i l i t y of water from di f ferent parameters in the 
fourteen d i s t r i c t s of V/estern Uttar Pradesh for the year 1985-85. 
Since data for surface water v/as not avai lable for back years , 
the assessment v/as made only for the p resen t . This chapter has 
been divided into seven p a r t s . The f i r s t par t deals v/ith r a i n -
f a l l as a source of water and in the second par t the volume of 
water avai lable from r a i n f a l l has been ca lcula ted for the four-
teen d i s t r i c t s of Western Uttar Pradesh. The th i rd par t deals 
with surface water sources and in the fourth par t the volume of 
water avai lable from surface sources has been estimated for the 
fourteen d i s t r i c t s . The f i f th par t deals with tlto ground water 
sources and in the s ix th par t the volume of water avai lable 
from ground water sources has been ca lcula ted for a]l the 
d i s t r i c t s . In the seventh par t water a v a i l a b i l i t y per hectare 
H'l 
of gross cropped area has been assessed. The statistical 
techniques used for assessing v/ater availability has been 
discussed in the introduction. 
(5.1). RAINFALL AS A SOURCE OF WATER; 
The major source of water ava i lab le e i t h e r for a g r i c u l -
t u r e or for human consumption i s obtained from the ra in tha t 
f a l l s on the e a r t h ' s surface. The ra in that f a l l s on the ear th 
ge t s d i s t r i b u t e d into run-off, s o i l moisture, ground water, 
surface s torage evaporation e t c . The energy from the so la r 
r ad i a t i on takes back Q good b i t of the water as vapour by evapo-
r a t i o n and evapo- t ransp i ra t ion , and th i s vapour accumulating at 
high a l t i t u d e s forms clouds that bear the r a i n , again repeat ing 
the hydrologic cyc le . South-west monsoon, cyclonic depressions 
and l o c a l storms bring r a i n f a l l in varying amounts in V/estern 
Ut ta r Pradesh (Dakshinamurti, e t . a l . , 1973). 
The geographical loca t ion of the region is such tha t 
i t favours faii^ly a large amount of r a i n f a l l . This region l i e s 
between the moist p la ins of Eastern Uttar Pradesh «Rnd the dry 
p la ins of Punjab. The major port ion of r a i n f a l l i s received 
during the south-west monsoon rer iod and a small amount i s 
received dui-in , \ ; inter due to western disturbances v/hich i s highly 
benef ic ia l for rabi crops spec ia l ly wheat. These south-west 
raonsoonic winds increase IrxDra Juno to July giving heavy r a i n f a l l 
a.id bc,"in to weaken in September, ecpecial ly in the northern 
region. Those south-west monsoonic winds are the fate of 
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ralnfed kharif crop which largely depends upon the amount and 
distribution of rain. The normal rainfall during the monsoons 
ranges between 80 cm to 120 cm (Fig. 5.1). Least rainfall is 
received in the districts wh Lch are lying in the south-western 
part of the region. The rainfall increases as one proceeds 
towards the east and nortliern parts of the region. The districts 
lying in the eastern part namely, Farrukhabad (915 mm), Etav/ah 
(805 mm), and Shahjahanpur (691 mm) and those lying in the 
northern part namely, Moradabad (7A1 mm), Badaun (668 mm) receive 
heaviest rainfall. The districts of Bulandshahar (659 ram), 
Meerut (640 mm), Mainpuri (635 mm), Aligarh (625 mm) and Muzaffar-
nagar (600 ram) receives more than 600 mm of rainfall. The 
districts of Etah (585 mm), Ghaziabad (557 mm), Agra (504 mm) 
and Mathura (410 mm) receives least rainfall. Thus the highest 
rainfall is received by the district of Farrukhabad (915 mm) 
while the district of Mathura receives the lowest (410 mm). The 
actual annual rainfall received during the year 1985-86 in the 
fourteen districts is presented in table 5.1. 
Rainfall frequency and probability analysis specially on 
monthly basis is very useful in deciding the cropping pattern, 
irrigation requirements and the periods of droughts. The varia-
tion of the rainfall from the normal is shown in (Fig. 5.2). The 
variation is between 25 per cent" to 30 per cent. 
As the monsoon moves westward the intensity and the 
affect of rainfall decreases. Thus, resulting in the need for 
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TABLE 5 * 1 : ACTUAL ANNUAL RAINFALL RECEIVED IN THE DISTRICTS OF 
WESTERN UTTAR PRADESH (1983"86) ( i n m,m.) 
Y e a r / D i s t r i c t Muzaffar- Meerut Ghazia- Buland- Al iga rh Mathura Agra 
Nagar bad shahar 
1985-86 600 6A0 557 659 625 410 50A 
Malnpuri Etah Badaun Moradabad Shahjahan- Farrukhabad Etawah 
pur 
635 583 668 741 691 915 805 
Source: Statistical Bulletian of Uttar Pradesh (1987), Directorate of 
Economics and Statistics, Lucknow. 
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irrigation and water conservation in the agricultural farms. 
The increase in variation of rainfall from the normal rains 
shows the greater need for irrigations to the crop. The western 
part of the region receives less rainfall than the eastern 
districts, that is why, irrigation is a must in these districts. 
(Figure 5.5) shows the precipitation reliability related to the 
irrigational needs. From this figure it is observed that the 
western districts of Agra, Mathura, Etah, iMainpuri and in some 
parts of Allgarh irrigational facilities should be increased 
a.'j the amount of rainfcdl received is less. In the whole of 
central bolt i'untiini_; from oxtromo north to east irrigational 
requirement is moderate. Except .for the extreme northern tips 
under which comes the districts of horadabad and Shahjahanpur 
the requirement of irrigation is moderately low. Thus after 
observing, the map it could be concludrd that since the whole 
region receives moderate to low rainfall and has semi-arid 
conJitions, there is need for stren^thenin,, irrigation 
facilities. 
(5.2). VOLUME OF WATER AVAILABLE FROM RAINFALL; 
The available volume ol water from rainfall depends upon 
the nraount ol the annur-l rainfnll received in the region. In 
the enstrrn dioLricts of iiadnun, Koradabad and Farrukhabod the 
water available from rainfall is more th-n in the other western, 
southern and northern di::tricts. The rain water is important 
for the crops from ih^ view point of its onset because the early 
ro 
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or late onset of the monsoon upsets the agricultural operations, 
The precipitation varies from season to season and from 
year to year. The rainfall that falls, does not become avail-
able to agriculture much, instead of contributing the soil mois-
ture reserves which can be used by plants during dry weather it 
runs over the ground surface causing soil erosion and flooding. 
The total volume of water available from rainfall is presented 
in table 5.2. 
TABLE 5.2; VOLUME OF WATER AVAILABLE FROM RAINFALL IN 1985-86 
in million cubic metre 
Year/ 
D i a t r i o t 
1985-66 
Mainpuri 
1,815 
Muzaffar-
nagar 
1,999 
Etah 
1,741 
Meerut 
2,001 
Badaun 
2,638 
Ghazi-
abad 
1,044 
Morad-
abad 
3,574 
s h a h a ? ' -Aligarh Mathura Agra 
2 ,243 2,446 1,269 1,743 
Shahjahan Far rukha- Etawah 
p u r bad 
2,420 2,565 2,328 
Source; Estimated from the data taken-from Statistical Bulli-
teen of Uttar Pradesh (1987), Directorate of Economics 
and Statistics, Lucknow. 
The availability of water from rainfall varies from 
district to district responding to the fluctuations in rainfall. 
A perusal of figure 5.4 shows that during the year 1985-86 the 
largest amount of rain water has been received by the distr-ict 
of Moradabad (3,574 m.cu.m.) followed by the districts of Badaun 
(2,638 m.cu.m.) and Farrukhabad (2,565 m.cu.m.). These 
\2 
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districts received the highest rainfall v/hile the districts of 
Ghaziabad (1,044 m. cu. m.) and Mathura (1,269 m. cu. m.) received 
the lowest amount of water from the rains. The other districts 
show moderate availability of rainwater. As the computation of 
volume of water available from rainfall depends upon the net 
sown area and the actual amount of rainfall, it varies from 
district to district. 
(5.3). SURFACE WATER SOURCES; 
Surface water plays an important role in the development 
of agriculture. The b<asic source of surface water is precipi-
tation in the form of rain fall or snowfall. Runoff from preci-
pitation drains through streams and rivers or collects in surface 
depressions forming tanks or ponds which is then utilized for 
irrigation. 
The r i v e r systems of V/estern Uttar Pradesh mainly comprises 
of the Ganga and i t s t r i b u t a r i e s , the Yamuna and Ramganga and 
t h e i r t r i b u t a r i e s . Besides these r i v e r s t he re are also o ther 
perennial and seasonal streams (Fig . 4 . 3 ) . The drainage follows 
the general slopes of r e l i e f . The general d i r ec t i on of these 
r i v e r s i s from north and north-west to south and sou th-eas t . 
The r ive r Ganga i s the most important r i v e r and i t flov/s 
through a long course along the foot h i l l s and the p l a i n s . The 
Ganga r ive r flows in the d i s t r i c t s of Muzaffarnagar, Meerut, 
Bulandshahar, Aligarh, Etah and Farrulchabad, with i t s innumerable 
V'\ 
tributaries provide irrigation to millions of hectares of land. 
The Ganga river drains an area of about 713 sq. kms. and holds 
a population of about 41 millions which is mostly ap;ricultural. 
Two major canals, the Upper Ganga taken out at Haridv/ar and the 
lower Ganga at Narora, have been taken out from it. 
The Yamuna is a tributary of Ganga. The course of the 
river is quite irregular along the Muzaffarnagar district. The 
other district drained by Yamuna are Meerut, Mathura, Agra and 
Mainpuri, The Hindon nadi joins the Yamuna near Dadri in 
Bulandshahar district. The length of the Yamuna river is about 
203 kms. and it drains a large part of the region. The river 
water has been tapped for irrigation at the Tajewala headworks, 
from where two important canals, namely, the tVestern Yamuna and 
the Eastern Yamuna Canal take off to irrigate vast areas in 
'..'estern Uttar Pradesh. The Agra canal takes off from the river 
at Delhi from the Okla headworks to irrigate the fields of 
Agra and Mathura. 
The Reuwg^w-^ ;'^  is also a tributary of river Ganga and though 
it vis a perennial river coming out from Himalayas and has a well 
defined course, yet the area under its course is liable to 
continuous chent,es owin;; to the shifting; of the river bed. The 
river has a number of falls and rapids. It flov/s in a south 
easterly direction throU(-;h the districts of Moradabad, Badaun 
and Shahjahanpur and finally joins the Ganga near about Kasganj 
in the Fatehgarh district. 
ST) 
The (ftXtensive plains of V/estern Uttar Pradesh, which are 
formed by these main rivers support enormous population, and 
is one of the most agriculturally developed region. Most of 
the crops are cultivated here and the production is comparatively 
high due to the fertile soils, good climatic conditions and highly 
developed irrigation facilities. 
The waters of Ganga and its tributaries is utilised for 
irrigation mainly through the canals, as these are the perennial 
rivers of the region. Moreover, the gentle slope of the plains 
CroatG a fovourablo condition for the construction of canals 
which easily irrigate the low-lands and also help in diversifi-
cation of cropping pattern and intensification of cultivation. 
At the beginning of the planning era, the full extent of 
the potential of underground aquifers was not known. The avail-
ability of pumping equipment and the energy needed to operate 
them was also restricted. On the other hand, the success of 
big canal systems served by river diversion projects was already 
well cctablishod. It was only natural that the planners should 
have decided in favour of building big storage dams to provide 
large-scale irrigation facilities. A perusal of figure 5.5 
shows that V/estern Uttar Pradesh has five major canals (Fig. 5.5), 
which cover more th-^ n two third of the total area. These canals 
are: 
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1 ) . The Upper Ganga Canal. 
2 ) . The Lower Ganga Canal. 
3 ) . The Eastern Yamuha Canal. 
4 ) . The Agra Canal. 
5 ) . The Sarda Canal. 
The Upper Ganga Canal was completed by P.T. Cautley in 
185^ to i r r i g a t e 7 mil l ion hec tares of land. This canal was 
drawn off from the r igh t bank of the r i v e r Ganga at Hardwar by 
cons t ruc t ing a dam across the course of the r i v e r . The length 
of the canal i s 1,010.09 kms, i t commands about 43 per cent of 
the i r r i g a t e d land. The head discharge of t h i s canal i s about 
11,536 cusecs . Several a r t i f i c i a l f a l l s have been created and 
u t i l i s e d to generate hydro-e lec t r i c power. The three important 
branches of the canal are : 
1 ) . The Deoband branch i r r i g a t e s the Saharanpur d i s t r i c t 
and some pa r t s of Muzaffarnagar d i s t r i c t . 
2 ) . The Anupshahar branch i r r i g a t e s the d i s t r i c t s of 
Muzaffarnagar, Meerut and Aligarh. 
3 ) . The Mat branch i r r i g a t e s the d i s t r i c t of Mathura, 
Ali'garh and pa r t ly the d i s t r i c t s of Etah, Etawah and 
Mainpuri. 
The lower Ganga Canal takes off from the r igh t bank of 
the Ganga r i v e r at Narora in Bulandshahar d i s t r i c t . I t passes 
through Aligarh d i s t r i c t along the r igh t bank of the Ganga. 
G« 
The length of the canal i s about 131.55 kms. and i t s head 
discharge i s 6,985 cusecs . The canal alongwith i t s branches 
provide water to an area of 560 mil l ion hectares in the d i s t r i c t s 
of Aligarh, Etah, Etawah, Mainpuri and Farruichabad. There are 
two main branches of t h i s canal , the Kanpur and the Etawah branch. 
The Etawah branch merges into the Upper Ganga Canal near Kasganj, 
The length of the Etawah branch i s 24,6 kms and i t s discharge i s 
about 3,100 cusecs . The Kanpur branch provides water to Kanpur 
and Fatehgarh d i s t r i c t s r igh t down to Allahabad, 
The Eastern Yamuna Canal i s the o ldes t i r r i g a t i o n pro jec t 
i n the s t a t e , constructed during the reign of Shahjahanpur. I t 
o r i g i n a t e s from the l e f t bank of the Yamuna at Tajewala in the 
western corner of Saharanpur d i s t r i c t . The main canal and the 
chief branches have a length of about 273 kms. with a head 
discharge of 10,824 cusecs . I t i r r i g a t e s about 1.93 mil l ion 
hec tares of land in the Yamuna-Hindon t r a c t in the Saharanpur, 
Muzaffarnagar and Meerut d i s t r i c t s . As the head works of the 
V/estern Yamuna canal and the Eastern Yamuna canal are s i tua ted 
very close to each other at Tajewala, the flow of water i s equally-
shared between the two cana l s . The waters of these canals are 
very benef ic ia l for the crops . 
The Agra canal has been taken out from the r i gh t bank of 
the Yamuna r i v e r at Okhla near Delhi and enters the region of 
western Uttar Pradesh from Mathura d i s t r i c t . I t i s 160 kms. long 
r^n 
and i t s head discharge i s about 4,000 cusecs . I t i r r i g a t e s 
about 1.38 mil l ion hectares of land in the Trans-Yamuna region _ 
of the Mathura and Agra d i s t r i c t s . 
The Sarda Canal i s one of the important canals which 
i r r i g a t e s the eas te rn par t of Western Uttar Pradesh. I t i r r i g a t e s 
the i^hahjahanpur d i s t r i c t only. I t i s taken out from the r i v e r 
Sarda at Bombasa in the Naini ta l d i s t r i c t . The t o t a l length of 
the canal i s 9,974.9 kms. and i t s he 'd discharge i s 11,500 cusecs. 
Ramganga canal i s a feeder branch and i t only i r r i g a t e s 
the d i s t r i c t of Moradabad. The length of the canal i s 60 kms. 
out of which 25 kms. provides water to the Moradabad d i s t r i c t . 
The head discharge of the canal i s 2,262 cusecs in Moradabad 
d i s t r i c t . 
'.forks on the Rs. 1,313.3 crore pro jec t for the moderni-
sa t ion of 134 year old Upper Ganga Canal, the l i f e l i n e of i r r i g a -
t i o n system in la rge areas of Uttar Pradesh i s now been done. 
Under the f i r s t phase, cons t ruc t ion of p a r a l l e l canals a t various 
p o i n t s , modernisation of Bulandshahar and HarduaganJ canal systems, 
s e t t i n g up of communication system for the operat ion and mainte-
nance of cana ls , const ruct ion of pov/er s t a t i ons on the main canal 
and r e s i d e n t i a l houses have been envisaged. On the completion 
of the f i r s t phase, at l e a s t 9,000 hectares of add i t iona l land 
v/il l be brought under c u l t i v a t i o n r e su l t i ng in production of 
33»000 tonnes of foodgrains, 390 tonnes of ed ib le o i l s and 
J( 0 
40,000 tonnes of sugarcane. At present altogether 0.924 million 
hectares of land are being irrigated in Muzaffarnagar, Meerut, 
Ghaziabad, Aligarh, Bulandshahar, Mathura, Agra and Mainpuri 
districts of Western Uttar Pradesh (H. T. May 1988). 
Introduction of canal water has been associated with 
many of its own merits and demerits. The extension of canals 
as a role, always increases the area under cultivation. Canal 
irrigation has improved the cultivation by facilitating the 
growth of the more valuable commercial crops. The whole of the 
Upper Doab has a greater proportion of its cultivated area under 
commercial crops like wheat and sugarcane. The tendency of grow-
ing mainly for home consumption and a gradual commercialization 
of agricultural produces are well marked. There can be no doubt 
that this commercialization has the interest of the cultivators. 
The canal irrigation does not directly necessitate the grov/ing of 
commercial crops, yet the absence of canal waters may be a suffi-
cient cause to hamper and retard the progress of crops, unless 
it enjoys the benefits of a more heavy and less uncertain rainfall 
and does not depend on artificial irrigation for the success 
of its crops. 
On the other hand canal irrigation often results in less 
utilization of water on tno farm as much of the wpter is lost 
by seepage and deep nercolnl.ion in cannl wacer courses rnd field 
channels. Low cost lining materials and simple structures may 
be used with great advantT_.e to convey and distribute v/ater 
K 1 
efficiently on the farm. Careful desifin and correct installa-
tion of underf;round pipelines also result in a highly efficient 
system which prevents seepage and evaporation losses and also 
save the land otherwise occupied by channels and canals. 
(5.4). VOLUME OF WATER AVAILABLE FROM CANALS: 
The volume of canal v/ater available district-wise has 
been given in table 5.3. The district of Aligarh records the 
largest volume of canal water available for irrigation (6,806.14 
ra. cu. m.) due to the waters received by both the Upper Ganga 
and the Lov/er Ganga canal and its innumerable branches. This 
district is followed by the districts of Meerut (5,891.11 ra.cu.m.), 
Muzaffarnagar (5,842.73 m.cu.m.) and Mainpuri (5,481.38 m.cu.m.). 
The lowest volume of water available from canals is recorded by 
yhahjoh.-inpur (937.45 m.cu.m.), Etowah (1,175.5 m.cu.m.) and 
Ghaziabad district (1,244.13 m.cu.m.). Figure 5.6 shows the 
district-wise volume of water available from canals during 
1985-86 in o/est§m Uttar Pradesh. This figure shows variation 
in the volume of water available from canals in the various 
districts. 
The eastern and the northern districts show low 
availability of canal water, this may be due to the fact that 
those districts receive heavy rainfall as compared to the other 
districts and they do not require canal water for irrigation. 
Badaun district does not have any canals, but canal irrigation 
is being proposed for this district. The districts of Upper 
i{:2 
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TABLE 3 . 3 : VOLUME OF WATER AVAILABLE FROM CANALS ( 1 9 8 3 - 8 6 ) . 
i n m i l l i o n cub ic m e t r e s . 
Y e a r / d i s t r i c t Muzaffar- Meerut Ghaziabad Bulandshahar A l iga rh 
nagar 
1983-86 3 ,842 .73 3 ,891 .11 1 ,244.13 1,816.84 6 ,806 .14 
Mathura 
2 ,280 .02 
Agra 
1,800 
Mainpuri 
3 ,481 .38 
Etah 
3 ,483 .9 
Badaun 
-
Moradabad Shahjahan Fa r rukha- Etawah 
pur bad 
1,736.17 937.43 1,333.10 1,193.38 
Source: Estimated from data collected from U.G.C,^ L.G.C,, E.Y.C, 
A. G. C. headquarters. 
10^ 
doab aiid northern d i s t r i c t s of Central doab come under the 
high and meditim category. 
(5.5). GROUND WATER SOURCES: 
Fresh water is one of our principle resources and is vital 
for every type of economic activities. The largest source of 
fresh and sweet water lies underground. Ground water can be 
defined as the water that percolates through the interstices of 
the surface layer of the earth and accumulates in sub-surface 
aquifers. It can also be defined as the water which occurs 
beneath the surface of the earth within saturated zones whore 
the hydrostatic pressure is equal to or greater than the atmosph-
eric pressure (Waltz, 1969). 
V/estern Uttar Pradesh is blessed with a comparatively 
large resources of ground water, the most important replenisfi-
ab]e mineral of the earth. The alluvial terrains of the Gangetic 
plains forms one of the richest v/ater bearing formations. The 
aquifers are fairly extensive and thick 'and extend beyond 150 
metres (Fig. 5.7). 
In Western Uttar Pradesh ground water reservoirs have 
ample scope for recharge, the future management of these reser-
voirs depends upon efficient design of wells and appropriate 
land development and drainage practices. The net draft and net 
renewable recharge of ground water is presented in table 5.4. 
lOB 
•2,5b 
WESTERN UTTAR PRADESH 
WATER TABlt 
( 1905-a6) 
CONTOURS, VALUE" lU METER? 
ABOve M.S.L 
Apnt 
Novemttff 
10 0 102030 ^o 
• tl, ....J 
Jeu^ccri Survey of Jnrfca. m*ps. 
nCe^tra.t ground w a U r fcoori. 
— Fir7 f)7_ 
ICA] 
TABLE 3.4; DISTRICTWISE GROUND'^ATER RESOURCES DURING(1983-86) 
(in million cubic metres) 
D i s t r i c t s 
Muzaffarnagar 
Me e r u t 
Ghaziabad 
Bulandshahar 
Al iga rh 
Mathura 
Agra 
Mainpuri 
Etah 
Badaun 
Moradabad 
Shahjahanpur 
Farrukhabad 
Etawah 
Net Recharge 
1,872 
1,339 
1,100 
1,571 
1,604 
1,265 
1,107 
1,524 
1,298 
1,480 
1,941 
1,832 
1,120 
1,098 
Net Draft 
719 
683 
368 
747 
787 
536 
635 
636 
536 
628 
655 
607 
724 > 
416 
Pe rcen tage of 
U t i l i z e d water 
38 
44 
33 
48 
49 
42 
57 
42 
41 
42 
34 
33 
65 
38 
Source: Statistical Bullitien of Uttar Pradesh (1987), 
Directorate of Economics and Statistics, Lucknow. 
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A perusal of table 5.4 shows that the district of Moradabad 
records the highest availability of ground waters follov/ed by 
the districts of Muzaffornn^ar, Alignrli Dulaiidshahar nad 
Meerut. The lowest amount is rocorded by the district Etawah. 
Even if money is no constraint would it be wise to go 
the whole log along the 'Major and medium' route when an infi-
nitely cheaper, quicker and more efficient alternative is avail-
able ih the form of ground water ? Ground water require no 
expenditure for storage and transport and can be harressed by 
the farmer with his own efforts-except, possibly, for a short 
term loan. It involves no environmental problems, no evaporation 
and seepage losses and no problem of water logging. It is a 
resource entirely under the farmers control and not that of 
bureaucrates. Another point to note is that ground water 
irrigation is twice as efficient in terms of agricultural pro-
ductivity as surface water irrigation. 
(5.6). VOLUME OF WATER AVAILABLE FROM GROUND WATER SOURCES: 
• % 
A large percentage of the irrigated area in the region 
receives water from wells and tube-wells. The volume of ground 
water has been calculated to have an idea of the availability 
of this water to be used for irrigation. The estimated 
figures are presented in the table 5.5. 
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TABLE 3 . 5 : VOLUME OF WATER AVAILABLE FROM GROUNDWATER (198^-66) 
I n m i l l i o n cubic m e t r e s . 
Y e a r / D i s t r i c t Muzaff a rnagar Meei:ut Ghaziabad Buland- Al iga rh 
shahar 
1985-86 110,041.2 152 ,779 .3 16 ,316 .3 155 ,710 .4 189 ,955 .5 
Mathura 
98,557.6 
Moradabad 
Agra Mainpuri Etah Badaun 
142,781.4 108,512.2 109,002.0 90,935.6 
Shahjahan- Farrukhabad Etawah 
pur 
141,728.6 83,516.4 62,950.8 46,841.4 
Source: Estimated from the data taken from the s t a t i s t i c a l Bu l l e t in 
of Ut tar Pradesh (1987), Direc tora te of Economics and S t a t i s t i c s 
Lucknowv 
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It is clear from the above table that the volume of 
water available from ground water is more than the canals. 
After the introduction of modern technology there was an 
increase in the use of ground water. The cropping pattern 
has also witnessed drastic changes and a tendency has been 
observed that more water intensive crops are being produced 
increasingly. A perusal of figure 5.8 shows that the district 
lying in the eastern part namely Shahjahanpur (83,516.4 m.cu.m,), 
Farrukhabad (62,950.8 m. cu. m.) and Etawah (46,841.A m. cu.m.) 
and the district lying in the northern parts namely Badaun 
(90,935.6 m. cu. ra.) and Mathura (98,557.6 m.cu.m.) district 
of west come under the low category. The district of Ghaziabad 
is also coming under the low category because it has been 
recently bifurcated from the district of Meerut and Bulandshahar. 
The districts of Aligarh (18,955.5 m. cu. m.) and Bulandshahar 
(155,710.4 m. cu. m.) comes under the high category, while the 
districts of Agra (142,781 m. cu. m.), Moradabad (141,728.0 
ra. cu. m.), Meerut (132,779.5 m.cu.m.), Muzaffarnagar (110,041.2 
m.cu.m.), Etah (109,002.0 m.cu.m.) and Mainpuri (108,512.2 m.cu.m, 
comes under the medium category. 
(5.7). WATER AVAILABILITY PER HECTARE OF GROSS CROPPED AREA; 
The total volume of water available from the rainfall, 
surface waters and ground water has been added up to obtain 
the total volume of water available in all the fourteen districts 
of Western Uttar Pradesh. It is been given in the table 5.6, 
i:o 
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which reveals the total availability of water. 
The total volume of water available from all these 
sources is highest in the districts of Aligarh (19|920,754 h«m.)» 
followed by Bulandshahar (15,977,024 h.m.). A perusal of figure 
5.9 shows that the districts of Aligarh and Bulandshahar comes 
under the high category. The northern districts of Moradabad 
(14,705,817 h.m.), Meerut (14,067,161 h.m.) and Muzaffarnagar 
(11,788,293 h.m.) and the central districts of Agra (14,632,440 
h.m.), Mainpuri (11,580,858 h.m.), Etah (11,422,690 h.m.) and 
Mathura (10,210,662 h.m.) come under the medium category while 
the eastern districts show the least availability of total 
volume of water. These districts are Badaun (935,736 h.m.), 
Shahjahanpur (8,687,385 h.m.), Farrukhabad (6,706,890 h.m.) 
and Etawah (5,03^,498 h.m.). This is so because this part 
lacks in canal waters and also ground water reserves. The 
districts of largest availability are rich in canal and ground 
water reserves. The other districts are fairly better placed 
in the availability of water resources. 
The average availability of water per hectare depends 
upon the total volume of water available and the gross cultivated 
area. Table 5.7 reveals that it is not uniform in all the 
districts. It follows rainfall regime. It also reveals that 
the availability of total volume of water per hectare is higher 
in the northern and central districts where the total volume 
of water is high. The districts of Agra, Aligarh, Bulandshahar, 
11 ^  
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TABLE: 5.7: WATER AVAILABILITY PER HECTARE OF GROSS CROPPED 
AREA (1985-86) 
( In hectare metres) 
1 Y e a r / D i s t r i c t 
1985-86 
Muzaffarnagar Meerut Ghaziabad 
22.10 27.18 5.85 
Bui and shahar 
26.80 
Aligarh Mathura Agra Malnpuri 
i 
30.88 
Etah 
23.51 
24.17 31.67 
Badaun Moradabad 
16.46 19.97 
26.16 
Farrukhabad Etawah 
15.85 11.79 
Shahjahan 
pur 
17.02 
Mainpuri, Meerut comes under this category. The eastern 
districts of Etawah, Farrukhabad, Shahjahanpur and Badaun 
have low availability per hectare meter. The other districts 
of Mathura, Muzaffarnagar, Etah, Moradabad have moderate 
availability of water. Ghaziabad district has the lowest 
availability per hectare of water. 
CHAPTER - 6 
UTILIZATION OF WATER FOR AGRICULTURAL PURPOSES 
IN 
WESTERN UTTAR PRADESH 
J J -"j 
Water is a precious commodity. Its shortage is being 
felt more acutely in the tropics where a greater part of the 
cultivated area is under rainfed agriculture. Thus, efficient 
utilization of water resources is crucial to agricultural 
piX)duction for meeting the challenge of ever-increasing popu-
lation.-
Our water resources are limited and are rather insufficient 
to meet the long term requirements of agriculture, industry and 
other uses, so it should be used judiciously and economically. 
The available water resources are unevenly distributed, resulting 
in seasonal abundance and even devastating floods in some areas, 
while large tracts in other regions are chronically drx)ught 
affected. Scientific .management of irrigation water, thus, 
provides the best insurance against weather induced fluctuations 
in total food production. This is the only way in which we can 
make our agriculture profitable. An integrated policy of water 
resource management, in addition to efficient utilization of 
the resources for optimum crop production, should meet the 
requiroments of the growing industry, human and livestock consump-
tion and provide for flood control, hydro-electric power genera-
tion, recreation and navigation. 
In chapter five, we have discussed about the volume of 
water available from the different sources i.e. rainfall, surface 
and ground water, for all the fourteen districts of Western 
Uttar Pradesh. In this chapter, an attempt is made to analyse 
the utilization of water for agricultural purposes in the fourteen 
l.G 
districts of Western Uttar Pradesh from 1960-61 to 1985-86. 
This chapter has been divided into four parts. The first part 
is devoted to a brief survey of agriculture in the study area. 
In the second part, utilization of water for agricultural 
purposes has been dealt with. In the third part, the intensity 
of irrigation and cropping has been discussed and in the fourth 
part correlation between irrigation and crop production has 
been computed. 
(6.1), AGRICULTURAL BACKGROUND; 
Agriculture is the most dominant sector of the economy 
of Western Uttar Pradesh, for as much as 70 per cent of the 
regions total population is dependent upon it. This heavy 
dependence on agriculture alone is because of its highly developed 
nature. This region enjoys certain special climatic and physical 
advantages for the development of agriculture, which are denied 
to the other parts. The fertility of the thick alluvial soils, 
adequate rainfall, network of canals and tubewells have combines 
to ma!-o this region the most prosperous region of Uttar Pradesh, 
The total reporting area of Western Uttar Pradesh in 
1960-61 was about 5,913,^29.94 million hectares out of which 
the net sown area was 77,8 per cent and the total cropped area 
was 98.37 per cent. The net irrigated area was 39.5^ per cent 
and the total irrigated 'area was 36,54 per cent and the total 
irrigated area was 36.13 per cent. The usar lands covered O.v^ l 
per cent, forests 2.37 percent, culturable waste 5.31 per cent 
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and current fallows were 1.23 per cent* jfn 1985-86 
the t o t a l repor t ing area was 6,168,447 mi l l ion hec tares out of 
which the net sown nrea was 74.60 per cent and the t o t a l 
cropped area was 114.88 per cent , net i r r i g a t e d area was 79.60 
per cent and t o t a l i r r i g a t e d area was 69.28 per cen t . The 
usar lands covered 1.18 per cent , f o r e s t s 1.84 per cent , c u l t u r -
able waste 2.61 per cent and cur rent follows 4.24 per cent , the 
o ld fallows were 2.85 per cent . There was an 
increase in the t o t a l cropped area 16.51 per cent , net i r r i g a t e d 
area 40.06 per cent , t o t a l i r r i g a t e d area 33.15 per cent , current 
fallows 3.01 per cent , old fallows 2.85 per cent and usar lands 
1.17 per cent ( t ab l e 6 . 1 ) . 
The area under important crops in Western Ut ta r Pradesh 
increased in case of c e r e a l s , pu l se s , sugarcane, o i l seeds and 
po ta toes . In I96O-61 the t o t a l cropped area was 5,817,210.8 
mi l l ion hec ta res out of which wheat covered the l a r g e s t area of 
about 17.98 per cent , followed by pulses 15.22 per cent and 
bajra 10.60 per cen t . The area under ce rea l s was 4.52 per cent 
and under sugarcane i t was 8.83 per cen t . Rice covered 6.11 
per cent , bar ley 5*^2 per cent , maize 2.78 per cent and o i l seeds 
only 1.72 per cen t . Cotton and potato had neg l ig ib l e areas 
under c u l t i v a t i o n . '.Vhile in 1985-86, the area under crops 
increased to 7,086,883 mi l l ion hec tares out of which ce rea l s 
covered about 65.10 per cent of the t o t a l cropped area , pulses 
showed some decrease i t was only 7.21 per cent . The area under 
wheat increased to 34.9 per cen t , r i c e 8.55 per cent , ba j ra 11.91 
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sugarcane 9.22 per cent and potato 1.97 per cen t . 
Thus, there was an increase i n the areas in a l l the crops except 
ba r l ey , jowar, pulses and co t ton . Cereals showed the highest 
per cent of Increase in area which was 60.58 per cent-
In western Ut ta r Pradesh food crops are grown on l a rge r 
a rea than the commercial c rops . About 70 per cent of the t o t a l 
cropped area i s under food crops . Wheat, r i c e , bar ley , ba j ra , 
maize are the p r i n c i p a l food crops of Western Ut tar Pradesh. 
Sugarcane i s considered to be a very important commercial crop ' 
of the region. Potato c u l t i v a t i o n has also reg i s te red an 
inc rease . In I960r6l , out of the t o t a l production ce rea l s 
cont r ibu ted about 65.22 per cent and sugarcane A3.87 per cen t . 
But by 1985-86, there was an increase in production of a l l the 
c rops . Cereals contr ibuted 126.85 per cent , sugarcane 50.45 
per cent , potato 38.91 per cen t . Wheat 79.06 per cent , maize 
15.07 per cent , r i c e 12.48 per cent , baJra 9.91 per cent also 
showed an inc rease . Thus there was an increase in the t o t a l 
production of Western Ut ta r Pradesh since 1960-61 to 1985-86 in 
almost a l l the crops except bajra and o i l s e e d s . There was a 
dec l ine in area under bajra and o i l s eeds r e s u l t i n g in t h e i r 
low product ion. 
The a g r i c u l t u r a l background of the d i s t r i c t s have been 
discussed separa te ly . 
( l ) . MuzaffarnaRar D i s t r i c t : 
The d i s t r i c t of Muzaffarnagar i s s i tua ted on the northern 
moat side and forms a par t of the upper doab. I t i s one of 
i;-:o 
most developed and agriculturally advance district of Western 
Uttar Pradesh. A perusal of table 6.1 shows that there was 
an increase of 4.58 per cent in net cultivated and 29.27 per 
cent in the total cropped area during the last twenty five 
years. This was due to increase in the irrigation facilities. 
From table 6.2 it is seen that sugarcane is covering highest 
area followed by wheat, rice, oilseeds and potatoes. The area 
under sugarcane crop showed an increase of 10.92 per cent and 
wheat crop 5.61 per cent. The other crops did not show any 
positive change in area. Table 6,3 shows that there has been 
a slight increase in the production of wheat which was just 
1.03 per cent and maize 1.6l per cent. The production of other 
crops show negative changes. 
(2). Meerut District; 
The district of Meerut lies in the north western side and 
forms a part of the upper doab. It is located in the agriculturally 
advanced region of the state. A perusal of table 6.1 shows that 
during the last twenty five years there has been slight increase 
in the net cultivated area about 8.53 per cent and 23.99 per cent 
increase in the total cropped area. Table 6.2 shows that wheat 
and sugarcane are the dominant crops which registered an increase 
of 7.94 per cent and 7.38 per cent in area. The other crops 
showed almost negative changes. The production of crops (table 
6.3) showed an increase only in case of wheat ,1.83 per cent, 
potato 1.21 per cent, rice 0.08 per cent and maize 7.14 per cent. 
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(3) • Ghazlabad District; 
The district of Ghaziabad was separated from the districts 
of Meerut and Bulandshahar in 1976. It forms a part of the 
Upper doab. From table 6,1 it is seen that during the last 
twenty five years the net cultivated area in 1985-86 was (72,30 
per cent) and total cultivated area was (122.5^ per cent). 
Considering cropped area, wheat (35.07 per cent), was the domi-
nant crop of followed by sugarcane (15.37 per cent) and maize 
(12.54 per cent) (table 6.2), The production was highest for 
sugarcane crop and this is being consumed by the sugar Industries 
of Ghaziabad. Table 6,3 shows that sugarcane (67.55 per cent) 
has the highest production followed by wheat (15.75 per cent), 
maize (8,51 per cent) and potato (4.71 per cent). 
(4). Bulandshahar District: 
Bulandshahar district lying in the north forms one of the 
most important agricultural districts of Upper doab. There are 
dense network of canals and innumerable tube-wells which helps 
in the development of agriculture. A perusal of table 6.1 shows 
that during the last twenty five years there has been an increase 
in the net sown area of about (2.55 per cent) and in the total 
cropped area of about (33.05 per cent). Similarly there was 
Increase in the net irrigated area. Percentage (13.1 per cent) 
and total irrigated area (35.06 per cent), from the table 
6.2 it is seen that the wheat crop is the main crop covering 
about (37.33 per cent) of the total cropped area. There was 
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an increase in area under wheat crop by (17»25 per cent) 
followed by maize (10.24 per cent), barley (8.31 per cent), 
oilseeds (2.71 per cent) and potato (0.26 per cent). As far 
as production of the important crops of the district are 
concerned wheat is the most important crop. There was an 
increase of (4,74 per cent) in wheat production followed by 
potato (3.70 per cent) and maize (1.67 per cent), 
(5). Aligarh District; 
The district of Aligarh lies in the central doab. It is 
also an agriculturally advanced district. A perusal of table 
6,1 reveals that during the last twenty five years there was 
an increase of (24.15 per cent) in the total cropped area and 
a slight decrease in the net cropped area (-0.44 per cent). 
From the table 6.2 it is seen that wheat crop is the most domi-
nant followed by rice and maize. There was an increase of 
(15.1 per cent) in the cropped area under wheat followed by 
rice (0,95 per cent) and maize (0.72 per cent). Oilseeds 
registered an increase of (5.58 per cent)' and potatoes 0.42 
per cent. It is seen from table 6,3 that except for sugarcane 
and cotton all the other crops registered an increase in 
production. Wheat with an increase of(24,92 per cent) dominated 
the agricultural produce followed by potato (5.47 per cent), 
bajra (5,28 per cent) and maize (4,67 per cent), 
(6). Mathura District; 
Mathura district is situated in the western most side 
of the region. A perusal of table 6.1 shows that during the 
n^^ 
last twenty five years there has been an increase of (11,61 
per cent) in the total cropped area while a decrease of 
(-0.96 per cent) in the net cropped area was registered. Wheat 
is the main crop of the district followed by bajra and rice. 
Wheat covered about (43.48 per cent) of the total cropped area 
of the district, bajra (3.99 per cent), oilseeds (2.08 per cent), 
rice (1.02 per cent) and potato (0.59 per cent)(table 6.2). But 
inspite of the increase in the cropped area under wheat the 
production of wheat showed negative change it was (-7.26 per cent) 
There was an increase in the production of potato cultivation 
since the last twenty five years which was (4.69 per cent). 
The other crops showed decrease in the terms of area as well as 
production of crops. 
(7). Agra District: 
Agra district is situated in the western most side of 
the region. It is not so agriculturally rich district. The 
table 6.1 reveals that there has been a decrease in the net 
cropped area of(-1.20 per cent]and an increase of(9.93 per cent) 
in the total cropped area during the last twenty five years. A 
perusal of table 6.2 shows that wheat (9.71 per cent) is the 
main crop followed by potatoes (1.10 per cent). Oilseeds cover 
about (17.23 per cent) of the total cropped area. In case of 
production of crops, it is seen from table 6.3 that wheat 
registered an increase of (27.83 per cent) followed by bajra 
(8.95 per cent). 
(8). Malnpurl District; 
The district of Mainpuri forms a part of the central 
doab. There has been an increase of(l6,99 per cent)in the 
net cropped area and(21.01 per cent)in the total cropped area 
of the district during the last twenty five years. In the 
district of Mainpuri wheat again is the most important crop 
and covers about (35.27 per cent) of the total cropped area 
of the district. There was an increase in the cropped area of 
wheat (15.75 per cent) resulting in the increase of wheat 
production to (20.95 per cent). Production of potato was also 
high. Table 6.2 shows that there was an increase of (3 per cent) 
in the area under potato crop followed by maize (2.81 per cent) 
resulting in the increase in production of (23.65 per cent) in 
potato and (6.85 per cent) in maize, 
(9). Etah District; 
Etah district is situated in the central doab and it is 
not so advance agriculturally because of poor soils and less 
availability of water. Table 6.1 shows that there was a decrease 
of(-2.37 per cent)in the net sown area an increase of (l7.86 
per cent) in the total cropped area during the last twenty five 
years. Wieat covering (12.06 per cent) of the total cropped 
area ranks highest followed by pulses (8.17 per cent) and rice 
(1.60 per cent). The production of crops is not high in the 
district due to poor agricultural facilities. Wheat is the 
dominant crop. There has been an increase of (13.56 per cent) 
v^G 
in wheat production followed by potato (9.45 per cent), maize 
(4.72 per cent) and bajra (4.54 per cent), (table 6.3). The 
production of other crops is low. 
(10). Badaun District; 
Badaun district lies in the eastern part of the Western 
Uttar Pradesh and it is a part of Rohilkhand plains. The 
district experiences good rainfall which helps in crop production. 
There was an increase of (18.97 per cent)in the total cropped 
area whereas a decrease in the net cropped area (-2.70 per cent) 
was registered during the last twenty five years. The district 
of Badaun has most of its cropped area under cereals. Wheat 
covers about (25.50 per centj of the total cropped area followed 
by bajra (9.82 per cent), maize (5.34 per cent) and oilseeds 
(3.91 per cent). The production of the important crops showed 
increase in wheat (10.25 per cent), potato (8.86 per cent), 
maize (1.78 per cent) and bajra (1.29 per cent). 
(11). Moradabad District: 
The Moradabad district lies in the north-eastern part 
of the region and is a part of Rohilkhand plains. The district 
has tarai conditions. From table 6,1 it is observed that during 
the last twenty five years there has been increase in the net 
cropped area (2.72 per cent) and in the total crxjpped area 
(31.63 per cent). The perusal of table 6.2 shows that sugarcane 
covers highest area followed by wheat. There was an increase 
of (11.56 per contain sugarcane, ('/,26 per cent^increase in wheat 
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(2.86 per c e n t ) i n r i c e , (1.95 per cent^ in maize and(0.67 per cent) 
in po ta to . The o ther crops show negative change. Production 
of crops i s very low. Wheat production increased by(3,21 per 
cent)followed by potato ( l .39 per cent)and r i ce (0 .73 per cent)^ 
The other crops namely bar ley , pu l se s , o i l s e e d s , sugarcane, 
cot ton show negative changes. 
(12) , Shah.lahanpur D i s t r i c t : 
The d i s t r i c t of Shahjahanpur i s s i t u a t e d ' i n the eas t e rn 
pa r t and i s pa r t of Rohilkhand p la ins and enjoys a well d i s t r i -
buted r a i n f a l l . A perusal of t ab le 6.1 shows that there has 
been an increase in the net cropped area of(4.02 per cent)and 
i n the t o t a l cropped area of (25.18 per cent) in the l a s t twenty 
five yea r s . From bhe t ab le 6.2 i t i s seen tha t out of the t o t a l 
cropped area there was about(32.29 per cent) increase in wheat 
crop followed by rice^21.44 per cent^ o i l seeds (3.18 per cent) 
and sugarcane and potato about (l per cent)^ maize (o. 57 per cent) 
and Jowar(o.08 per cent) The other crops showed negative increase , 
I t i s seen from tab le 6.3 tha t wheat crop ^ 8 . 0 5 per cent) i s t .e 
dominant crop followed by r i ce (8 ,82 per cent) pulses (o.66 per 
cent ) o i l seeds (0.26 per cent)and maize(o. l4 per c e n t ) . The other 
crops reg i s te red negative chnnge in t h e i r production. 
(13) . Farrukhabad D i s t r i c t : 
I t i s s i tua ted in the southern par t of Western Ut tar 
Pradesh. I t i s seen from the tab le 6.1 t ha t there has been 
l ; 9 
an increase of ( l7 .39 per cen t ) i n the t o t a l cropped area while 
a decrease of(-0.71 per cen t ) i n the net cropped area during the 
l a s t twenty five years . A perusa l of tab le 6,2 shows tha t 
wheat i s the most important crop followed by maize, potato and 
r i c e . The increase in area under wheat was highest ^22.15 per 
cent) foilov/ed by maize ( l5 .5 per cen t ) , potato 8,78 per cent , 
r i c e (4.99 per cen t ) , o i l seeds (2,17 per cent) and baJraCl.08 per 
c e n t ) . The production of crops shows ( t a b l e 6,3) that there 
has been an increase in potato c u l t i v a t i o n which i s (46.89 per 
cent) followed by wheat with only(o.76 per c e n t ) . The production 
of other crops has decl ined. 
(14) , Etawah D i s t r i c t ; 
Etawah d i s t r i c t l i e s in the southern pa r t of Western Ut ta r 
Pradesh. I t i s not much a g r i c u l t u r a l l y advanced d i s t r i c t . A 
pe rusa l of t ab l e 6,1 shows tha t there has been increase of (4.35 
per cent) i n the net cropped area and (20.08 per c e n t ) i n the 
t o t a l cropped area during the l a s t twenty five yea r s . From 
t a b l e 6,2 i t i s seen tha t wheat i s the main crop followed by 
r i c e . There has been increase in the area under wheat by(23.07 
per cent) followed by r i c e ( l 2 . 6 5 per cen t ) , bajra (6.71 per c e n t ) , 
pulses and o i l seeds about (3 per cen t ;po ta to about(2.25 per cent) 
maise(2,51 per cent)aiid bar ley (1,18 per c e n t ) . The production 
of wheat alongwith potato reg i s te red (l4 per cen t ) inc rease in 
both the crops , followed by pulses(2 ,82 per c en t ) , ba j r a (2 ,03 
pe r cent) maize (1.77 per cent) and r i c e and oi lseeds(1 .57 per cent) 
and (1.2 per cent) tlio other crop show low production. 
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(6.2). UTILIZATION OF WATER FOR AGRICULTURAL PURPOSES; 
Irrigation plays a vital role in increasing the agricul-
tural production. Agricultural growth has been made one of the 
foremost components of development strategy in India and within 
the overall strategy of agricultural growth, irrigation has 
been accepted as a major programme for modernising Indian agri-
culture because this is a single most important factor which 
can facilitate acceptance of improved technology at the farm 
level. 
The importance of irrigation in the Indian context is 
notable in the broad frame work of soil climate complex, in 
which it firstly plays a protective role against the uncertainity 
of monsoons, secondly, even with the given technology, mere 
provision of assured water supply can boost the productivity of 
the existing inputs, and thirdly for the introduction of new 
technology irrigation acts as a catalytic agent and as one of 
the crucial factors in the package of improved inputs and new 
technology. Without irrigation chemical fertilizers cannot be 
used with confidence and a surfeit of other inputs would be of 
no avail. There is significant scope of increasing the area 
under cultivation by growing more than one crop on the same 
hectare with the help of irrigation. Table 6.4 shows the net 
irrigated area, total irrigated area and the source-wise irrigated 
area and the percentage change is net, total and source-wise 
irrigated area during the last twenty five years in the fourteen 
districts of Western Uttar Pradesh. 
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A perusal of tab le 6,4 shows tha t in Western Ut tar 
Pradesh d i s p a r i t i e s in the i r r i g a t e d areas e x i s t s . In I96O-6I 
the net i r r i g a t e d area of Western Ut ta r Pradesh was 39.34 per 
cent which rose to 58.89 per cent in 1985-86, s imi la r ly there 
was an increace in the t o t a l i r r i g a t e d area from 36.13 per cent 
to 51.04 per cent by 1985-86. In source-wise i r r i g a t e d areas 
there was more increase in the tube-well i r r i g a t i o n 6.21 per 
cent than the canal i r r i g a t i o n - 4 l , 2 7 per cen t . This was so 
because the farmers prefer tube-wells due to i t s adequacy and 
t ime l ines s . The farmer can ea s i l y get water at the time of 
h i s needs and the amount that he r equ i r e s . There was an increase 
in the tube-well i r r i g a t i o n , i t was 17.37 per cent in I96O-6I 
which rose to be 23•58 per cent in 1985-86. While canal i r r i g a t e d 
areas showed negative r e s u l t s . In 1960-61 the areas i r r i g a t e d 
by canals was f a i r l y high about 50 per cent which declined to 
only 9.41 per cent in 1985-86. 
I t i s observed tha t in the l a s t two decades there was an 
increase in area i r r i g a t e d by tube-wells." All the d i s t r i c t s cf 
Western Ut t a r Pradesh reg i s te red an increase in the tube-well 
i r r i g a t e d a reas . In I96O-6I, the d i s t r i c t s of Etawah 84.15 per 
cen t , Mathura 82.88 per cent , Muzaffarnagar 68.58 per cent , Agra 
58.40 per cent recorded highest percentages of area under canal 
i r r i g a t i o n while the d i s t r i c t of Moradabad 4.65 per cent , Farru-
khabad 36.38 per cent , Aligarh 40.03 per cent and Bulandshahar 
43.12 per cent recorded low percentages of area i r r i g a t e d by 
c a n a l s . Badaun d i s t r i c t had no canals in I96O-6I. The canal 
.i;i3 
i r r i g a t i o n fur ther declined in 1985-86. The highest percentage 
ojC area under canal i r r i g a t i o n was recorded in Etawah 67.19 
per cent , followed by Mathura 44,61 per cen t , Muzaffarnagar 
38.88 per cent and Meerut 30,38 per cent , lowest percentages 
were recorded in Moradabad 4.06 per cent , Farrukhabad 14,78 
por cen t , Agra 21.49 per cent Dulandshahar 20.82 per cent and 
Aligarh 23.07 per cent (Fig. 6 .1 ) . 
Tube-well i r r i g a t i o n gained more importance than the 
canal i r r i g a t i o n by 1985-86. The highest percentages of i r r i g a t e d 
area was in the d i s t r i c t s of Moradabad 49.72 per cent and Badaun 
47.29 per cen t . Since then the region has made rapid progress 
i n a g r i c u l t u r e . In 1985-86 almost a l l the d i s t r i c t s showed high 
increase in the tubewell i r r i g a t i o n . The highest percentages 
are recorded in Farrukhabad 70.66 per cent , Agra 76.05 per cent , 
Bulandshahar 75.78 per cent , Aligarh 75.77 per cen t , and Morada-
bad 70.72 per cent , the d i s t r i c t of Etawah 27.66 per cent had 
the lowest percentages of area i r r i g a t e d by tube-wel l s . 
As regards the net i r r i g a t e d area and the t o t a l i r r i g a t e d 
area a l l the fourteen d i s t r i c t s give pos i t i ve r e s u l t s . The 
d i s t r i c t of Moradabad 58.35 per cent recorded highest change 
followed by Shahjahanpur 52.82 per cent , Mainpuri 47.95 per cent , 
while the highest percentages change of t o t a l i r r i g a t e d area 
was recorded in the d i s t r i c t s of Ghaziabad 89.27 per cent , 
Shahjahanpur 55.99 per cent , Moradabad 47.04 per cen t . The 
d i s t r i c t s of Agra 72.41 per cent , Ghaziabad 66.18 per cen t . 
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Farrukhabad 60.17 per cent , Bulandshahar 56,37 per cent , 
Aligarh 55.92 per cent showed highest pos i t i ve change in the 
1rube-well i r r i g a t e d a reas , while Badaun 11.25 per cent and 
Moradabad 21 per cent showed lowest percentages of i r r i g a t e d 
area under tube-well i r r i g a t i o n in the l a s t twenty five years 
(Fig . 6 . 1 ) . 
I t has been observed that the d i s t r i c t s of Upper doab 
l i k e Muzaffarnagar, Meerut, Bulandshahar and those of c e n t r a l 
doab l i k e Aligarh, Mathura, Agra recorded l e s s e r percentage of 
change in net and t o t a l i r r i g a t e d area during the l a s t twenty 
f ive years and t h i s may be due to the fact tha t these d i s t r i c t s 
a l ready had large areas under i r r i g a t i o n In I96O-6I, while the 
d i s t r i c t s of Mainpuri, Etah, Badaun, Moradabad and Shahjahanpur 
recorded high percentages of change because in I96O-6I they had 
very l i t t l e area under i r r i g a t i o n , 
( 6 . 3 ) . INTENSITY OF IRRIGATION AND CROPPING; 
The I n t e n s i t y of i r r i g a t i o n and cropping for the fourteen 
d i s t r i c t s of Western Ut ta r Pradesh and for Western Ut ta r Pradesh 
has been ca lcu la ted for years (1960-61 1985-86) by the 
formula: 
Gross Irrigated Area 
(1). Intensity of Irrigation == X 100 
Net Irrigated Area 
i'AG 
Gross I r r i g a t e d Area 
( i i ) . I n t e n s i t y of cropping = X 100 
Net Cropped Area 
Table 6.5 shows tha t due to the increase in i n t e n s i t y 
of i r r i g a t i o n there was also increase in the i n t e n s i t y of 
cropping in the fourteen d i s t r i c t s . In Western Uttar Pradesh 
the i n t e n s i t y of i r r i g a t i o n which was 115.37 per cent in 
1950-61 rose to be 134.02 by 1985-86. Thus, there was an 
increase of 18.65 per cen t . Similar ly the i n t e n s i t y of cropp-
ing which was 126.65 per cent in 196O-6I rose to be 153.99 per 
cent in 1985-86, Thus, there was an increase of 27.3^ per cen t . 
During I96O-6I, the d i s t r i c t s of Meerut recorded highest 
i r r i g a t i o n i n t e n s i t y of 128.81 per cent followed by the d i s t r i c t 
of Bulandshahar 121.80 per cent , Muzaffarnagar 119.11 per cent 
and Farrukhabad 118.16 per cen t . These d i s t r i c t s recorded 
h igher i n t e n s i t y than the regions average . . I r r i g a t i o n i n t e n s i t y 
in the d i s t r i c t of Aligarh was 113.16 per cent , Etah 110.22 per 
c en t . Etawah 109.65 per cent and 110.00 pe r cen t . All the 
o the r d i s t r i c t s recorded lower i n t e n s i t y than the regions 
average (F ig . 6 . 2 ) . 
During 1985-86 i r r i g a t i o n i n t e n s i t y was higher than in 
1960-61. The d i s t r i c t of Bulandshahar and Ghaziabad recorded 
the highest per-centages with 164.44 per cent each, followed 
by the d i s t r i c t s of Meerut with 160.4 per cent , Shahjahanpur 
150.2 per cen t , Muzaffarnagar 148.1 per cent and Aligarh 135.2 
per cen t . Above mentioned d i s t r i c t s of Moradabad 127.1 per cent 
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TABLE 6 . 5 : 
D i s t r i c t s / 
I n t e n s i t y 
M u z a f f a r n a g a r 
Mee ru t 
Ghaz iabad 
B u l a n d s h a h a r 
A l i g a r h 
M a t h u r a 
Agra 
M a i n p u r i 
E t a h 
Badaun 
Moradabad 
S h a h j a h a n p u r 
F a r r u k h a b a d 
Etawah 
T o t a l Wes t e rn 
INTENSITY OF 
UTTAR PRADESH 
I n t e n s i t y 
1960 - 61 
1 1 9 . 1 1 
1 2 8 . 8 
-
1 2 1 . 8 0 
1 1 3 . 1 6 
1 0 7 . 7 
1 0 3 . 4 
1 1 0 . 0 
1 1 0 . 2 2 
1 0 6 . 1 
1 0 6 . 3 
1 0 7 . 9 
1 1 8 . 1 6 
1 0 9 . 6 5 
UP 1 1 5 . 3 7 
IRRIGATION 
; C1960-61 
• AND CRO] 
AND 1985-
( i n 
of I r r i g a t i o n 
1985 - 86 
1 4 8 . 1 
1 6 0 . 4 
1 6 4 . 4 4 
1 6 4 . 4 4 
1 3 5 . 2 
1 1 4 . 9 
1 0 8 . 0 
1 2 0 . 6 
1 2 1 . 7 
1 0 8 . 2 
1 2 7 . 1 
1 5 0 . 2 
1 1 8 . 9 
1 2 1 . 6 
1 3 4 . 0 2 
Change 
2 8 . 9 9 
3 1 . 6 
1 6 4 . 4 4 
4 2 . 6 4 
2 2 . 0 4 
7 . 2 
4 . 6 
1 0 . 6 
1 1 . 4 8 
2 . 1 
2 0 . 8 
4 2 . 3 
0 . 7 4 
1 1 . 9 5 
1 8 . 6 5 
PPING IN V 
- 8 6 ) . 
/ESTERN 
p e r c e n t a g e ) 
I n t e n s i t y 
1960-61 
1 3 0 . 9 
1 3 8 . 9 
-
1 3 7 . 2 
1 3 4 . 5 
1 2 0 . 8 
1 1 5 . 8 
1 3 9 . 3 
1 3 1 . 4 
1 1 4 . 8 0 
1 1 7 . 6 
1 1 9 . 0 
1 2 2 . 5 
1 2 5 . 8 
1 2 6 . 6 5 
r of Cropp; 
1985-86 
1 6 0 . 1 
1 6 5 . 5 1 
1 6 9 . 4 7 
1 7 5 . 0 9 
1 6 4 . 8 1 
1 3 6 . 3 8 
1 3 3 . 5 5 
1 5 4 . 8 3 
1 6 2 . 6 2 
1 4 3 , 9 1 
1 5 2 . 6 2 
1 4 5 . 7 2 
1 5 0 . 9 2 
147.6:> 
1 5 3 . 9 9 
Lng 
Change 
2 9 . 2 
2 6 . 6 1 
1 6 9 . 4 7 
3 7 . 8 9 
3 0 . 3 1 
1 5 . 5 8 
1 7 . 7 5 
1 5 . 5 8 
3 1 . 2 2 
2 9 . 1 1 
3 5 . 0 2 
2 6 . 7 2 
2 8 . 4 2 
2 1 . 8 2 
2 7 . 3 4 
Source: Estimated from the data taken from statistical Bullitien of 
Agriculture, Directorate of Statistics and Economics, Lucknow, 
Uttar Pradesh, (196O-6I and 1985-86). 
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Etah 121.7 per cent, Etawah 121,6 per cent, Mainpuri 120.6 per 
c_ent, Farrukhabad 118.9 per cent, Mathura 114.9 per cent and 
Agra and Badaun with 108 per cent registered lower intensi ty 
than the regions average (Fig. 6.2.). 
Thus,it was observed that even after the lapse of twenty 
five years the d i s t r i c t s of Upper doab l ike Bulandshahar, Meerut, 
Muzaffarnagar recorded highest i r r iga t ion intensi ty followed 
by the d i s t r i c t s of central doab l ike Aligarh, Mainpuri and 
Etah. The d i s t r i c t s of Rohilkhand plains l ike Shahjahanpur 
and Moradabad also recorded high intensi ty as compared to other 
d i s t r i c t s . 
Intensity of cropping depends upon the ava i lab i l i ty of 
i r r iga t ion water in time, improved variety of seeds and f e r t i l i -
zers . Intensi ty of cropping i s the rat io between the giK>ss 
cropped area and net cropped area. As far as the d i s t r i c t s of 
Western Uttar Pradesh is concerned there i s a large variat ion 
in the cropping intensi ty in the d i s t r i c t s during the period 
of 1960-61 and 1985-86. 
In 1960-61 the intensi ty of cropping ranged between 
114.80 per cent to 139.3 per cent, d i s t r i c t of Mainpuri recorded 
highest intensi ty with 139.3 per cent followed by the d i s t r i c t s 
of Meerut 138.9 per cent, Bulandshahar 137.2 per cent, Aligarh 
134.5 per cent, Etah 131.4 per cent and Muzaffarnagar 130.9 per 
cent . These d i s t r i c t s were recording higher intensi ty than 
the average intensity of the region. Distr ic ts of lower intensi ty 
J.lU 
were Etawah wi th 125.8 per cen t fol lowed by t h e d i s t r i c t s of 
Par rukhabad . 122,5 per c e n t , Mathura 120.8 pe r c e n t , Shahjahan-
pur 119.0 per c e n t , Moradabad 117.6 per c e n t , Agra 115.8 p e r cen t 
and Badaun 114.8 per cen t ( F i g . 6 . 3 ) . 
But i n 1985-86 a l l t he d i s t r i c t s showed marked i n c r e a s e 
i n t h e i n t e n s i t y of c r o p p i n g . I n t e n s i t y of c ropping ranged 
between 153.55 to 175.09 per c e n t . D i s t r i c t of Bulandshahar 
recorded h i g h e s t i n t e n s i t y of c ropping wi th 175.09 p e r cen t 
fol lowed by t h e d i s t r i c t of Ghaziabad 169.47 per c e n t , Meerut 
165.51 per c e n t , Al igarh 164.81 p e r c e n t , Etah 162.62 pe r cen t 
and Muzaffarnagar I 6 0 . I p e r c e n t . The d i s t r i c t of Agra r eco rded 
t h e lowest i n t e n s i t y of c ropping of 133.55 p e r c e n t , Mathura 
136.38 per c e n t , Badaun 143.91 pe r c e n t , Shahjahanpur 145.72 p e r 
c e n t , Etawah 147.62 pe r c e n t , Farrukhabad 150.92 p e r c e n t , 
Moradabad 152.83 p e r cent ( t a b l e 6 . 5 ) . -Agra, Mathura, Badaun 
and Shahjahanpur r e g i s t e r e d lower i n t e n s i t y than Western U t t a r 
Pradesh ( F i g . 6 . 3 ) . 
( 6 . 4 ) . COmiKLATlON BETWEEN IRRIGATION AND CROP PRODUCTION IN 
WESTERN UTTAR PRADESH; 
I t i s a known f a c t t h a t wi th t h e development of i r r i g a t i o n 
f a c i l i t i e s the a g r i c u l t u r a l p r o d u c t i o n has i n c r e a s e d . So i t was 
thought worthwhile to see the c o r r e l a t i o n between t o t a l i r r i g a t e d 
a r e a and t o t a l c rop p r o d u c t i o n . Taking y e a r - w i s e d a t a from 
1960-61 to 1985-86, fo r every d i s t r i c t ( excep t f o r Ghaziabad) 
of Western U t t a r P radesh , c o r r e l a t i o n c o e f f i c i e n t was computed 
find i s p r e s e n t e d i n t a b l e 6 . 6 . 
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TABLE 6.6; CORRELATION BETWEEN IRRIGATION AND TOTAL CROP 
PRODUCTION IN WESTERN UTTAR PRADESH (1960~61 TO 
1983-86); 
Distr ic t Correlation Coefficient or r Level of significance 
Muzaffarnagar 
Meerut 
Ghaziabad 
Bulandshahar 
Aligarh 
Mathura 
Agra 
Mainpuri 
Etah 
Badaun 
Moradabad 
Shahjahanpur 
Farrukhabad 
Etawah 
0.8 
0.7 
0.3 
0.9 
0.9 
0.7 
0.8 
0.7 
0.7 
0.7 
0.9 
0.8 
0.6 
0.8 
0 .1% 
0 .1% 
20.0% 
0 .1% 
0 .1% 
0 .1% 
0 .1% 
0 .1% 
0 .1% 
0 .1% 
0 .1% 
0 .1% 
17.0% 
0 .1% 
Note; For Ghaziabad the d a t a has been taken from 1976-77 to 
1985-86. 
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A perusal of table 6.6 shows that the correlation* 
co-efficient varies from 0.6 to 0.9 in the th i r teen d i s t r i c t s 
o~f Western Uttar Pradesh. For the fourteenth d i s t r i c t of 
Ghaziabad, which was formed in 1976, the data has been taken 
for the years 1976-77 to 1985-86 only. I t is observed that the 
d i s t r i c t s of Bulandshahar, Aligarh and Moradabad recorded highest 
correlat ion co-efficient of 0.9, significant at 0.1 per cent. 
The d i s t r i c t of Muzaffarnagar, Agra, Shahjahanpur and Etawah 
recorded 0.8 correlat ion co-efficient , significant at 0.1 per 
cent. The d i s t r i c t s of Meerut, Mathura, Mainpuri, Etah and 
Badaun recorded 0.7 correlation coefficient, significant at 0.1 
per cent. V/hile the d i s t r i c t of Farrukhabad recorded 0.6 
(significant at 1 per cent) , and Ghaziabad recorded 0.3 (s igni-
ficant at 20 per cent) correlat ion co-eff icient . 
The resul ts show a high posit ive correlat ion co-efficient 
between i r r iga t ion and to ta l crop production. This suggests 
that i r r iga t ion is very important ingredient for agricultural 
production. The comparatively low value of correlat ion coeffi-
cient in Farrukhabad d i s t r i c t may be probably traced to improper 
use of agricul tural inputs (Singh, Azam, 1985). The low value 
of correlation coefficient in Ghaziabad could be at tr ibuted to 
a shift of emphasis from agriculture to industry. Being almost 
contiguous to rat ional capi ta l , people find i t more to invest 
in industries than in agricul ture. All the d i s t r i c t s of Upper 
doab namely Muzaffarnagar, Meerut and Bulandshahar, the d i s t r i c t 
of central doab, Aligarh, Mathura, Agra, Mainpuri, Etah, Farru-
khabad and Etawah and the d i s t r i c t s of Rohilkhand plains namely 
]4'i 
Badaun, Moradabad and Shahjahanpur show high positive correlation. 
It is a fact that as irrigation increases the production also 
increases because iT^Is ^ hTirrTgation that the use of other inputs 
like fertilizer, high yielding varieties etc. depends. 
(6,5). DELINEATION OF REGIONS FOR PLANNING FOR EFFICIENT 
UTILIZATION OF V/ATER RESOURCES FOR AGRICULTURAL 
PURPOSES IN WESTERN UTTAR PRADESH; 
Water is one of the primary inputs of modern agriculture. 
However, even to this day about 70 per cent of the country's 
cropped area is entirely dependent on the vagaries of rainfall. 
Every year during the monsoons, 320 million hectare metres of 
water descends on the Indian sub-continent. If all the rainfall 
were collected, it would form a 1 meter thick sheet of water 
over our landmass. It is the largest volume of its kind that 
falls anywhere in the world. Yet we have become a nation of 
water famines and droughts because 95 per cent of the total 
rainfall occurs in a short period of 3 to 4 months during the 
summer, this rain occurs in form of heavy'showers and the rain-
drops on the average are ten times bigger. The two ma;5or conse-
quences of such situation are that seven to eight months of a 
year, large tracts of the country are rainless during the hot 
summer season March to May in some parts and March to June in 
some. The water falling during the monsoons looses the soil and 
runs off the surface filling nullahs and channels with valuable 
silt and it finally ends in the sea via the river system. This 
makes it necessary to conserve as much water as possible for 
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use during the long dry season. 
Table 6.7 is showing the availability and utilization 
of surface and ground water in V/estern Uttar Pradesh. At the 
beginning of the planning era, the full extent of the potential 
of underground aquifers was not known while the success of 
big canal systems served by river diversion projects was 
already well established. It was only natural that the planners 
should have decided in favour of building big storage dams to 
provide large scale irrigation facilities and also offered 
substantial side benefits like hydro power, flood control etc. 
But a sizeable gap in creation of potential and its utilization 
in various irrigation projects emerged. 
From table 6.7 it is observed that apart from canal water, 
irrigation from which depended upon the river flows, a great 
deal of water was available from ground water sources for 
irrigation. On the basis of ranks and levels of availability 
and utilization of surface water the districts of Western 
Uttar Pradesh were grouped under five categories (Fig. 6.^), 
(l). l^ istricts with high level of availability and 
utilization under this category comes the district of Muzaffar-
nagar, Meerut and Aligarh. 
(2), Districts with medium level of availability and 
utilization under this category comes the district of Buland-
shahar. 
WESTERN UTTAR PRADESH 
AVAILABILITY AND UTILIZATION OP SURfACEWATeR 
(1905-86 ) 
%- .• 
High availabiiily and high uhUrzaUon ^ i -. *. •. \ --{ 
I ^Medium availabrUlyand rnedjum utiJizaHon*^ 
[Il l l l l jLow avaiUU'ty aMlow utilization 
I r^Hl HfQherai/dUa.biliLv dM lower utilization 
10 0 10 2^  30^0 
K?4S 
• ^ Lower availability arxl niqhCT url\l2a^on 
RG6.^ 
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(3). District with low level of availability and 
utilization under this category comes the district of Badaun. 
(4). District with high level of availability and lower 
level of utilization. Under this category comes the district 
of Mainpuri, Etah, Agra, Farrukhabad and Moradabad. 
(5). Districts with lower level of availability and 
higher level of utilization under this category comes the 
district of Mathura, Etawah, Shahjahanpur and Ghaziabad. 
The correlation coefficient between the total volume of 
available surface water and utilization of surface water is 
.53 significant at 2 per cent level. 
On the basis of ranks a levels of availability and 
utilization of ground water, the districts of V/estern Uttar 
Pradesh were grouped under five categories (Fig, 6.5): 
(l). District with high level of availability and utiliza-
tion under this category comes the districts of Meerut, Aligarh, 
Bulandshahar, Muradabad and Muzaffarnagar. 
(2). Districts with medium level of availability and 
utilization under this category come the district of Mathura, 
Mainpuri and Etah. 
(3). District with low level of availability and utiliza-
tion under this category come the district of Ghaziabad, Shah-
jahanpur and Etawah. 
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WESTERN UTTAR PRADESH 
AVAUABJUiy AN DUULIIA T;0^i OF OROUNDWATE'R 
( 1985 86 ) 
H A 
High avai(a.t»iUty nt\4 UiliiaUoh 
Me<fium availib'iUty a.nd ufciliiaUon 
Low avaiUbUity and o^Utzfttion 
Higher avatUbiltty andlOMer uM«zat'tO^ 
LovMeravatltbflf (y iT)d KifiKer uli(txitior> 
|0 O lOa.030 •!<> 
150 
(4). districts with higher level of availability and 
lower level of utilization. Under this category come the 
districts of Agra and Bodaun. 
(5). Districts with lower level of availability and 
higher level of utilization. Under this category come the 
district of Farrukhabad. 
The correlation coefficient between the total volume of 
available ground water and utilization of ground water is .9 
significant at .1 per cent level. 
Thus, it is observed that there is higher positive corre-
lation between the availability and utilization of ground water 
resources in the districts of Western Uttar Pradesh, This is 
mainly because ground water required no expenditure lor storage 
transport and can be harnessed by the farmer with his own 
efforts except, possibly for a short term loan. It involves 
hardly any environmental problems, no evaporation and seepages 
losses and no problem of water logging. It is a resource 
entirely under the farmers control and is twice as efficient 
in terms of agricultural productivity as surface water irrigation. 
Water use planning should be done at the district level 
in order>to ensure that there was the greatest enonomy in use 
of water. Table 6.8 is showing the availability and utilization 
of water in the fourteen districts of Western Uttar Pradesh 
(1985-86). 
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The correlation coefficient between total volume of avail-
able water and total utilized water is .7 which is significant 
at .1 per cent level. The district level analysis of the 
availability and utilization of water will help in identifying 
homogeneous districts on the basis of rank and level of avail-
ability and utilization of water, the districts are finally 
recognized into 4 sub-regions of more or less homogeneous 
character (Fig. 6.6); 
(l). Dynamic Region; 
In the dynamic category only those districts were included 
which had a high level of availability and high level utilization 
of water. The districts, of Meerut, Bulandshahar, Muzaffarnagar, 
Aligarh and Moradabad come under this category. The first three 
districts belonged to the upper doab, the fourth district belonged 
to the central doab and the last district belongs to the Rohil-
khand plains. These districts formed a huge cluster in the 
northern part of Western Uttar Pradesh, These districts cover 
a total area of 2,3^1»55i hectare which is 7.85 per cent of the 
region. The already well developed irrigation facilities is 
an attraction for the farmers. This capital and technology 
will automatically flow here. The present efforts of utiliza-
tion of water resources should continue and the gap between 
the availability and utilization should be bridged up and the 
area should not be neglected as the region considered to be the 
brend basket of India after Punjab. 
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( 2). Prospective Ref^ ion; 
In the prospective category only those districts were 
included which had a medium level of availability and medium 
level of utilization of water. The districts o'f Mainpuri, 
Mathura, Etah and Badaun come under this category. The first 
three districts belonged to the central doab and the fourth 
district belongs to the Rohilkhand plains. The districts of 
Badaun, Etah and Mainpuri forms a contiguous belt running 
from the north to the central portion of the region while the 
district of Mathura lies in the central western portion. These 
districts form a girdle around the dynamic category. They cover 
a total area of 1,77'^ ,364 hectare which is 5.95 per cent of 
the region. For these districts the past plan strategies for 
management of water resources should be modified and more 
concentrated efforts are required to asses the water resources 
and see that they are utilized in the best possible way because 
this region does possess the potential for the development and 
utilization of water resources. 
(3). Less Developed Region; 
In the less developed category, only three districts were 
included which had a low level of availability and low level of 
utilization of water. The districts of Farrukhabad and Etawah 
come under the category. Both these districts form a contiguous 
belt in the eastern part of the region and both these districts 
belong to the central doab. They cover a total area of 858,601 
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hectare which Is 2.87 per cent of the region. For the district 
the past plan strategies are not only inadequate but they need 
total reorientation. Intensive surveys of the district should 
be made to assess the existing potentials and how best they 
could be utilized. 
(4). Problematic Region: 
In the problematic category, only those districts were 
included with lower availability and higher utilization of 
water. The districts of Ghaziabad and Shahjahanpur come under 
this category. Both these districts are found scattered in the 
northern and eastern part of the region. The district of 
Ghaziabad is located in the upper doab while the district of 
Shahjahanpur is located in the Rohilkhand plains. They cover 
a total area of 716,392 hectare which is 2.40 per cent of the 
region priority should be given to these districts because 
they require assessment of their water resources and than only 
plans could be formulated on those lines. 
There is an urgent need of a serious attempt at scienti-
fically looking at the availability of water and its most 
efficient utiliz_^tion in every district of Western Uttar Pradesh. 
Such studies are lacking in the country. But now, importance 
should be given to such studies because it will help planners 
to reduce disparities in the utilization of water resources for 
agricultural purposes at grass root level. 
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